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PREFACE 



Mathematics and Iiivin/\hinfes ^represents an extension of the series of 
units designated Mathematics Through Science which the School"Mathematics Study 
Group prepared in siimmer 1963 and revised, on the basis of teacher- evaluations 
from clapsroom «se in the school year 1963-^196^*, during a .summer period of 199^. 
^ I^thematics and^Llying I'hings -is designed for ^rade eight to' enrich and supple- 
merit *tj>e jUBUal courses of instruc^tjy:>h, MALT utilizes exercises in biological ^ 
science to derive data through, which mathematical concepts and principles may 
be introduced and ex]panded.' , ^ * ir . 

ft 

In addition to the VKiting t©«rm of summers 196^ and I965, SMSG witihes to 
acknowledge the assistance extended the MALT writer^ by .Ronald A. Kroman, Assist 
' ant Professor of Biology, California State College at J[iong Beach, and John 
'Hviffraan, San Di-ego ^County ^Department of Bducatior. In part:.cular, John Hufl"tnan 
read the final manuscript' copy of the eight ^chapters in the preliminary vertsion. 

14r. iVank Lindsay of* California Department of Education served as chairman 
of the writing grou:>s and coordinated their use and the evaluation of the pre- 
' liroihary .text. 5 

4 Sf4SG also wants to thank those classes and 'teachers which used the^rllimi- 
nary version and whose discernin^j bomraents furnished th'e necessary information 
to lewrlte MALT. Selected teachers in California, De,Uv/ar^,., Texas and Washing- 
ton tried the preliminary edition. They annotated their texts and commentaries 
and sent these to SMSG to aid the writers of the revised edition. Several 

, i^teachers were exceptionally helpful ir furnishing very critical comments, test 
it^, samples of student work and editorial remarks: Ccnrad Sanooin and 
Maxine Williams of Fresno, California; Clyde Gain^ood of Garden Grove/ and, 

/ Betty Beaumont of San Antonio, Texfit&.. • ^ ^ ' . » 

This excursion into biological science was initiated at the suggestion of 
an ad hoc committee of biological scientists assembled in March, 196iv, consist- 
ing of Charles Brokav; (California Institute of Technology), Allan H. Brown 
(University pf Pennsylvania), Hiden T. Cox (California State College at Long 
'Beach), Ralph W. Gerard (University of California, Irvine)^ J. Lee Kavanau 
(University of California, Berkeley). The wijtlng team hc;»s trawn from^ their 
many suggestions a few thoughts appropriate for units In eighth grade mathematlcj 
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Jt Ifept In mind that junior high schdol matheiftatics -^chers do^not have labora- 
tory faci'lities in their classrooms andi^ my noti have recent acquaintance with 
csodem biology. 

The attem\)tjof the writers of Mathematics and Living Things has been to 
^in^roduce through simple activities in biology not only basi6 processes which 
\inderlie the living. world but also to teach a logical structure of mathematics 
that arises naturally ^frbm the'data students accumulate. This may proi/e' a wel- 
come change to teachers and students who have hitherto cnly experienced conven- 
tional sequence pf topi'^s. Effort has b^en made to identify basic elements of 
the structure of mathematics, to acquaint the student with a taore precise . 
taathematical language, and to present a grade placement of concepts appropriate 
* to his maturity. The writers sincerely hope that the following chapters will 
be a rewarding and excitijig experience for the teacher as well as students. 

, The writers who prepared the i^athematlcs. and Living Things series offer 
*the following, iiiformal suggestions. Each concept should be covered to the 
degree that the -student* s mathematical background Justifies. For example, 
some students will oe familiar with ideas of, accuracy, precision and greatest 
possible error. For these, those sections may be employed as a brief review.^ 
Other topics will require careful expls^nation by the teacher. Sometimes an 
activity may not need an entire class period to complete- Then the regular* ' 
textbook can be turned to for addi,tlonal problem materials. In short, do not 
'bog down.' Help the class move along. Skim whert desirable; enrich when neces- 
sary. Fit MAtT to the class. 



The following notations are^ offered teachers who may not be familiar with 
the current ^ilosophy of ^science teaching: 

1. To the extej^t that mathematical computations and analysis have 
entered into biological investigations, biology has become quantita- 
tive Hnd more precise. 

2. Since living things are so variable, too fev measuren^nts may mislead 
students in arrivin^^ at generalizations. For greater validity the 
data of an entire class should %e pooled. 

3. Acti^/ities with li^/ing things do not alvays yield expected lesults. 
Yet there is no such thing as failure in science. No scientist 
"throws out" data, because it is not as anticipated. .It may lead to 

a new or njore refined hypothesis* Hence the results of any. student.* s 
(or team's) observations should be treated with respect. ■ 



Table ^: Equipment and Supplies Listed by Chapter * 
> 

Equipment ami Supplies 



Chapter and Activity ^ 



Chapter 1, Activity 1 ruler (metric), pencil, .paper, graph paper, leaves 

t 

Activity 2 container (small paper milk carton, "paper cup, 

. Petri dishO 

Chromotography paper (commercial or white paper towel) 
^Pencil, paper, graph^paper, ruler (metric), 
* ' Food coloring or wa^r sqi^ble ink such as Parker ink 

Watches or clock with second hand 



^Chapter 2, Activity 1 



.Cptionei 
Activity* 



Chapter 3; Activity 1 



Wrapping paper (30 or 36" width) 60 ,ft» 

'1 ' ^ 

Tape measure jjalibrated in inches (6-10 ft.) 

Foot ruler for each student 

Mending (or marljing) tape 

Pencil, paper and graph paper :y ^ 

Manila tagboard 

Bean, pumpkin or watermelon seedj.^^-^ 

^ Jt * 

Milk cartons " ' - 

Plant food 

Labeling tape 

Medium heavj^- acetate (outdated X-ray film) 
Paper towels O 
Scdft sti'a^ 

Bags,^ plastic (blariket bags approximately 2?" X 36") 
1 per team 

Access to a tre^ ^ 
Graduated cylinder (or similar to measure ml. (cc.)) 
Graph paper ( 10 X 10 to 1 inch), ruler, string or . 
rubber band's, ^pencil, paper 
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Table A: Equipmeat and Sui)plies Listed Chapter (Continued^ 

* * • . 

Chapter and Activity f ' Eq^jdpment and Supplies , 

Chapter 4, Activity 1 Watches, or clbfcks with second hand 
} • ^ Paper, pencil, graph paper 

• , ' Activity 2 J Some) ^ 



Chapter 5, Activity l* Syringe, plastic, without riecdle -^l^ per t^ara 

, • Tubing, plastic, t^ransparent (e.g., plastic tubing 

" used in aquarium or disposable I'. V» tubing 

from^'hispital), l8 Inches per team 
Ruler, metric (preferably plastic with ceniJer groove) 
^ ' * 1 per team ^ 

Yeast--package dry. or cake--l per class 
Sugar^ food colo^^ng, Scotifh tape 
^ ' t • Block (or book) covered with white paper — 2 per team' 
Watches -or clock with second hand 
Paper, pencil, graph paper 

Chapter 6, Activity 1 Tin, aluminum, 9" (cakr or ple)--l per team 

Gelatin--2 packaces per class 
* -Bouillon cubes (preferably beef) --2 per class 
Sarai wrap, \ package 
^ Graph paper, 10 X 10 to the inch- -2 per team plus 

8 per student 

* > Rubber bands or mending tape--l per team 

I ^ Scissors — ^everal per class 

' Paper, pencils, rulers 

Optional 

Activities ' Laundry bluing ^ * " 



Household aminonl& 
' Table salt , 
Milk cartons 
Paper towels 

Cotton string ( 10-12 ft.) mediuh; diameter :> 
Aluminum pie tins 

Ch&i-coal briquets--l per team' *' r 

Heavy acetate (outdated X-ray film)--l per team 



0i : 



Tabl e A: BQulyment and Supplies^ Listed *b y GbQpter _C CQr>tlnued ) 



1%' 



Chapter and Activity 

Chapter 6 contd. 

Optional 
Activities • 



Chapter 7> Activity 1 



Equipment apd Suppllefi 



Graph paper, 10 X 10, to the inch— 1 per team 
Pir.ces 'of brick, coal or cinders '^X^ 
Eye dropper (or soda straws)* 
Plastic ruler (metric) 

Manila tag or'coristruc'tlon paper (for construction 

of podylifidxaas) 
Protractor, ruler ajnd pencil-r-1 each per student 
Paper, (newspaper and smaller) large supply 




Chdpter 8, Activity 1 



Tape meas\ure (25 to. lOt) feet) 
Yard or nleter §tlcka- 
P^per, pencil, ruler 
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Table B: Sumaarized - Equlpmeat and Supplies List ^ 



Equipment 



• ^ ruler, nan. 
y and inch 

Pencils • 



"ilum] 



^umbfr 
needed 



l*per 

stthient 
• 

1 per 
student 



\ 



Paper 

'Paper* k per 

student 

*Papep, 

graph * ' *^ per 

10 X IQ to' student 
1 inch , 

Cups. OK ^ 2*per;? ' 

. ^ beakers ^ * team 

/ togrgphjr *^ "^per 
paper studjent 



Chapters where 
needed in order 
of appearance 
• in text ' . 

In all activities' 
in. all activities 
in all activities 

1,6. • • . 



Sojurc e 



Food 
coloring 

Seeds 



2 or 3 - 1, 5' 
drc^s per V- ' 
, stSe^t 



5 per 



oeam 



Plant 
food 

Tins, r 
aluminuox 
9" ^ 

Tape, laiD^l 
or Scotch 

Meter 
sticks 

Bags. 



^ tablet 



i' per team 

2 per 2, 6 



team 



1 per" 
team " 



1 r^er 
ra 



:Wg5, • \ i P 

pXastic tpa 
27" ^ 36" . 

Graduated* / 2 cr^more 
cylinder . per class 



2, 5; 6 

2, 8 

3 



Cost 
( Approximate ) 



0-10 each 



School 
Supplies 



I 



2 pint milk cartons 

from cafeteria j 

white paper towel 
fro^i stcr'b . 
' Cotimercial paper 

fXom supply house 

Groceiy store 0.30 package 
of k 



Grocery stotre 0.2? o^ less 
(blacJS^eyed beans, per package 
puraplcin or/wate:;i 
"Melon) 



many stores 



many stores • 
(esp. variety 
stores ) ' 

many sources 



0-39 per pkg. 

0.49 per pkg. 
of 6 . ' 

varies 



supply house 
school supply 

Variety store O.69 per pkg. 



of k 



Science, supply, 0.30 + 
.hobby shop 
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Sunroanzed - Equlpjaent and Supplies List ( Continued ) 



t • 
hi 

I- ^ 



Eqit^ent 
ox supply 


'Number 
needed 


.'^ * 




Svrihtte • 
plastic 


1 per 
team 


Tubing/ 
plastic . 


" 18" \per 
teari 



Chapters whe^e 
needed ,inV?l|ier ^ 
of apipearance 
in text 



Yeast 1 ngf 

^^^^-^-^.^ N class 



S\i!^ar'.y 

Gelatin 

Bouillon 
cubes 

Saran wrap 
, Soissors 

Bluing. 

Table salt 

Household 
amznonia^ 

. Manila , 
tag 

Protrac- 
tors 

*Tape 
measure 



Small 
amoant 

1 Pkg. 
1 Pkg. ^ 

1 pkg. 
several 

1 bottle 
per class , 

1 lb. per 
class 

1 small 
bottle per 
class^ 

h s^.-ft.. 
per student 

1/5?S^ 
syident 

1 per 
ix>om 



5 

6- . 
6 

6 • 

6 
6 

7 
7 

8 - 



Source 



^ Cost 

( Approximate ) 



Hospital or 
doctor*s office 
(dispose^ble) 

Hospital, 

dodTcJivJs office,/ , - , 
or pet store , ' 

Grocery (school -^>10/pkg. 
cafeteria) * y 

Cafeteria 
or hOiue 

Grocery (maybe 0.25/pkg. 
school cafeteria) 



Grocery 
Grocery 

Usually supplied 
by school 

Grocejy store 

Grocery 'store 

store 
O 

From school 
supplies 

I^rom school 
supplies 

From P.E. dept- 



0.10 

0.30/100 "ft. 

0.35 . ! 
0.15 

0.19 
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Prellpinar >* Preparations 



•Chapter 



Pre-prepatation suggestions 



MEASUREMEOT 
OF LEAVES 



The area should be "surveyed" ' several days -in 
advance 'and certain types of trees or shrubs 
suggested to the stxidehts* , • 



ADDITION OF 
M&\SUREMDE34l! 



The beans muat l)e, planted five or six daj rs before 
measurement is to begin. ( 

Containers moat b|. ready at the time of planting. 
HavjJLng the stxidenti| bring milk cartons to clacs a 
week or tvo in advance is one suggestion. 



LEAF*SraFACE AREA. 
m) WATER LOSS 



MUSCLE FATICaE 



^ Again, the trees or shrubs to be used should be 
chosen well in advg^nce of the day planned ">for the/ 
^activity. If the microscope exercise sugges^ted in 
this conraentary in to be used, a relatively thic^ 
leaf is recommeVded in order that epidermal--*i:6sue 
may be obtaitied more easily. 



r . 



/ 



No special advance preparation, 'except the timing 
device. 



YEAST METABOLISM 



If at all ^KDSsible, this should be tried by the 
teacher in adve^nce, 5?his-wlll help the teacher to 
anticipate problems involved in setting up the 
exercise. . ' » 

Plastic, syringes and L V. tubing should be re. 
^ quested from doctors or nurses three or ^f pur veeks 
before the acftivlty'is planned, there will be 
time for them to accumulate the necessary quantity. 



GROWTH OF MOLD 



If students are to bring the aluminum cake tit^s 
suggested for this -activity, they should be warned 
^ week or ^wo before, so^that all will vbe ready ajb 
the proper time. 



viil 
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Chapter' 



i^Mt)' 6i .'(continued) 




SURFACE Am AJND . 
WUJME RELATIOHSKIPS 



VOLUME OP A TREir 



Pre-prepatation suggestions 



The second activity -'sugg^ited*, "Growth of 
Crystals," requires a variety of 'containers. The? 
solution can be mixed in the classroom during the 
class period. This is an e'^itixig activity aiid 
wi.ll interest' most- studenxs. 



Since this does nob involve an activity that is 
biological in nature, no advance preparation is 
necessary exciept for ha^ng on* hand the Manila tag- 
bodrd fo:;^ building th^ models. -i. ' - 

Suitable trees should be selected by the teacher 
several days in advance. 



ir ■ 
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Chapter^ 1 
LEAVES AND NATIIrAL VARIATION: 
MKASURiaiKNT OF LENGTH, METRIC SYF' "M, RATIO, AND GRAPHING 

1.1 introduction 
' 

,Much has "been written and said about the scientific method, jscientific 
approach, and scientific reasoning to the point that one is led to believe that 
this is a process limited to the exclusive use of practicing scientists. The 
brief discussion in the iritroductlon is' done purposely to point out that every- 
one, at some time, uses a similar process, though maybe not quite so refined, 
in solving everjrday problems. Students should understand that a single ecP' 
proach (or process) will not "fit" every investigation. It is important to 
first define the problem (often a question) and then devise a plan to follow. 
It IS Job t as important to recognize thai; the first plan may not work -and will 
have to be revised. The following exercises are designed to give students 
experience in this kind of planning. 



1*2^^ Measure and Ifriits 

In Chapter 1 basic concep/(s of measxirement and ratio are -introduced. 
No attempt is» made at this point to cover canpletely the concept of measure- 
ment. It is felt that students can best becdme acquainted with systems of 
measursneiit by actually using measuring devices in fairly easy to do exercises. 
It should be emphasized that measurements can be only as exact as the unit in 
which the student is measuring. For example^ in Exercise h the student is 
instructed to measure to the nearest centimeter and therefore should ijot at- 
tempt to divide centimeters into smaller Tinits. 

Exercise 1-3 

1. Measure the length of this line to the Clearest an . 

' ; ' Answer : 3 cm 



2. Measure |;o ^:he nearest cm the distance fron A to B. 

*A B 

» « Answer: ( cm 



3. * Measure to the nearest cm the shortest distance "between C and D. 

Answer: T cm 



Measure to the nearest cm the distance "between points x and y. 




Answer : 7 om 



Measure to the r^earest nd.lliineter each of the probl^ above. 

—— ~ , - 

• ' Answer: — 53- mm,- — 

* r 68 xBsXf 66 mm 

How do the cm ai^d the mm measuranents of Problem 1 compare in 
exactness?^ Which is closer-to the exact meas\xrQnent? 

Answer : mm is more exact 
the mm measure 

How do the cm arid the mm measurements of Problon 3 compare in 
exactness? ' Answer: mm more exact 

Which answer is closest to the ^'actual" measure? 

Answer : m 

Is your answer exact? Is any measure exact? 

Answer: no^ no 



Answer: This is meant as a challenge'to the student. ' "Exactness" is 
&scussed in Section 1-5 • 

Measur4 the length of 1 inch in millimeters. About how many milli- 
"meters are there in 1 inch? ' ^ 

Answer: §5 - 




t •* Ansver to Ques^i dh * 

Are these expressions mathematical or scientific? 

Neither of the two statements about com would be considered^ mathematical 
^.r* -or scientific because these are not precise criteria. Both knees and elephant 
eyes vary in-heightt • 

kpr' , ^ 

'^i^"^ * 'Preliminary Preparation _ 

. ' • ' Materials Ne^ed 

^hi-' * Metric rulers 



Leaves 



, Graph paper 



Data ^^ook (see Procedure ) 



) 



When instructing the stxident concerning the obtaining of leaves for 
measurement, the following things, should^ h^ considered: 

|v;' iCE£i2f leaf \ ? •• ' ; " ' 

^ - Any type similar to the iUustration in Fig. l-4a wi^- 

|: work^'as lonfe as its outline is relatively even. 

I ' . , -i 

z> * It is extremely important that all leaves used by one 

I' student or pair of students be fron the same or the . **' 

9- same kind of tree, bush> or vine (the same species)- 

I ' ^ It would be more scientific if .the teacher could obtain 

f » pemic^sion for students to get all their ieayefi fran the 

same species on the school grounds. The advantage of 
this is to point out the relative validity of ^ data ob- 
tained from a large sample^ in comparison to the small 
sample which wb"uld result frcra each student bringing 
^ his own. If all could use the same, a large chart where 

students could pool their data would be helpful. Special 
' ^ . * emphasis should be placed on not raiding neighbor's ^ 

' yards or collecting on the way to school without per- 

mission. It is suggested that the teadher have avail- 
, able a supply of leaves or branches for these who for- 

get. ' ♦ 



I 
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.....^ — ...^A^.., . ^ L . Procedu re > 
. t)* .-t -r- 

rThis is an activity which could be done either individually or in 

pai,rs, with one ^person measuving, while the otlvsr -records . 

•» 

.Points to ^enphasize 

Review the importance of the measuronent of width et the mid- 
> . poip. of the length measurement, not the widest point of the 

since this often is a difficult thing to detemlne. ; 

,' * - 

- - The table lias "been_aet up^with vidth in the first column and 



length in the second heceuse the first number of the ordered 
pair (th'e domain) has by\ tradition always been the horizontal 
distance from the origin ark the second number (the range) has 
traditionally been the-vertical distance froa the crigi?!. 'If 
we had reversed the positioji of length .and width on our graph, 
then the ratio '^l/w- would not represent a sl^pe of the fiAHftion 
(see Section 1.12) . ^ 

It is suggested that some sort of sefliir permanent device be used 

for recording data. If the texts are' not to-be reused, data' * 

could be recorded directly in the tables provided. If this is' "^ 

not feasible, then students could construct their own tables in 

a notebook kept especially for this purpose, in \^ich case each 

tt-ble should be appropriately and completely labelled. In sqmp 

« 

^ cas ss , includinjg this activity,^ the data recorded at this time 
iiiii M ^QQ^ later in the text^to help' develop or illjis^rate, 
other mathematical. principles (mean, frequency histogram, 
s templing). 



Bcerclse 1^ 



1. 



2* 



Measures andf ^ Units 

Pick out the measures and the units in each of the following measuremente . 
' * Measures 



(A) 21 feet 
(b)' T yards 

(C) 10 hands 

(D) 15 centimeters 



7 

10 
15 



Units 
i^feet 
ya*rd 
hand 

centimeter 



If a fish tank were filled by emptying a gallon bucket into it ^8 times, 
vhat vould be the volume ^-of the tank? What is the measure? What is the 
unit? ^ ' ^ 



V 



Answers : 8 igallorts:^ 8^ gallon 



-,JBie fish tank of probleoi k is filled i>y using a quart container r;ather 
than a gallon container. 



^^A) * Wiat is the measure? 

(b) .jKhat is the unit? 

(c) ^^Dbes the volume ronain 

the se^ie? 
" (D) Is the measvirement the same? 



32 

quart 

Yes, since 32 qts = 8 gix\ 
Wo, in one case the measure is 8 
gal., in the other 32 qts. 



Change each of the following measarements to an equal measurement paving 
a different' measure and unit. . " ^ 



(a) 2 hours 

(b) 2 minutes 

(C) 3 square ^feet 

(d) 1 square yard 



There are several possible answers 
to each of these. 



5. Change the foliowing leaf measurements to centimeters. 



(A>\'25' mm 
(b) 70 mm 



/ 



2\5 an . 
7,,b cm 



(C). 1^ nun = .h aa, p 
(d) 7 cm, 3 mm = 7*3 cm 



20 



1*6 Measurement of Length; General 

< — wi^— 

Die millimeter is the most suitable metric unit for measuring this size 

of leaf, Ttie point to stress here is that, althoiagf! other units could "be used'-^ 

undex other circumstances, this, is the most useful one for this exercise— in 

« 

our time, in' our society, and- with present practices • ^ ' 



Exercise 1-7 
Ideas of Accuracy 



Suggest, commonly used units for the folloving measurements^ 

Ansvers ' 

(a) the altitude of an airplane; Feet or Miles 

(b) the length of a 6ar; * Inches or Feet 
♦ * .1 

(c) the depth of the ocean; ^ Feet or Fathoms 

(d) the length of 'an arm; Inches 

(e) the height of a tree; Feet ' ' ^ 

(f) , the height^* of a truck Inches 

O 

Other r^esponses might be equally acceptable. Discuss them* 

2. What unit of smeasure would be coiraaonly used .when measuring the width of a 

window fOK drape rods^ 

' * ' Jnches ^ * 

3. What unit of measure woUld be ccsnmonly used when measuring the widjbh of a" 

window to fit glass? . . ' 
. ■ * Quarter inches , . 

(considerable tolerance' - 

< ^ ^ - covered with putty) • 

% V 

4. What statemftit concerning choice of units of iaeastireraent is d€monstrat.ed 
by your answers to the questions above? ' ' ,^ 

Answer ; The purpose of the measurement will usually suggest the most 
^*sui table unit. 



1.8 'Natural Variation 

2he table of leaf meapurenents should Kiw very nearly a "nomal cxirve" 

if their leSaves were chosen as instructed, in &ny case, a variation will ap- . 

pear, which illustrates the-point. The same type of distribution should appear 

in the average class. An interesting discussion can arise, however, if the 

class is not average. Is there a preponderan*- numbef of large people? Seme 

factoids that inight account for this might be age, or race (Scandinavian, for 

instance) ..." v v • 

* > • • • ^ ■ • 

!Rie students should be able to suggest a number of examples of natural , 

^ variation— and literally almost "anything goes" ! 

Vianises and minute insects such as gnats and mosquitoes are other exam- 
pies of "successful, even though not big." ' • 

. Insects are the most diversified of all animals.' There arc at least 
600,000 different species known-rarid more are b^eing discovered constantly* 
Some of their adaptations are truly r4narkable^ The "l^af mantis"', of South 
Eastern Asia is perhaps one of the m6st startling. Equjally dramatic -are the 
'walking stick and the leaf moth. Ah excellent reference for this 'chapter is 
Nature ^s Ways, by Roy Che^iman Andrews , Crown Publishers , New York * Fine ma- 
terial is also available in the Life Magasri^ne Nature Library 

The discussion of internal variation. is\a brief introduction to the 
thread ^f metabolism which runs through the reit of tl^e chapters. 

^ • :^ ' . • 

1.9 Ratio • 

^his portion should be Just a quick r^v^ew of "ratio." Stress the im- 
portance of the order In. a ratio relationship. In the case of all definitions 
be sure th4 student forms a good habit and refers to the entire definition* 
d ' / 0 is necessary in the definition. For example, the "ratio has no 
meaning. . 1 

Ohe ratio of the number ' "d" to the number "c" would be - , ' c ^ 0. 
{ i is tvh6 symbol for "not equ^al to") 

You may need to review Just why a number divided "by sero has no meaning. 
For example, if | = 3, then 6 = 2-3. If 3 = something, then ^ 
6 ^ something ; 0. We know that 0 times any number = 0, therefore 7^ 



4 y .-^ 




cannot eiju'al anythin^^^d^jertainl^* not 0 (as 0 • 0 6) 

' ' ^ ^ 0 0' 

Axi analogous siti.atl<^ occur© with ^ . If ^ ■= something, -then 

0 * 0 a scmething. Nov we Have too many possibilities because 0 ♦ any nunj- 

ber e.qualB 0. * , 



in 



libce' cise , 1-9 
CC^ARING PAIRS OF NUMBERS 



The Rmbers Subtract . Multiply' 

(2nd from ist) 



: (1st by 2nd^) , 
Record answer in 
■ siJfnpiified form 



■ 1. 


5 


2 


7 


3 


^ 10' 






90 


?6 




■ 126 


> 4^ — - 


32UO . 


2-5 


3. 


65 


26 


91 


39 


1690 


2.5 • •• 


U. 


1(J2 


3U 


136 


68 ■ . 


3U68 


3.00 


5. 


27 


9>< 


36 


18 


2U3 


3.00,. 


■' 6.. 


>9 


13 ' 


■52 • 


26 




i 3.00 


7. 


' 51. 


1/75 


68 


■ -3U . 


■ 667 y 


3,06 


8. 


72 


•16 


■ 88 •> 


56 / 








162- 


.36. 


•198 


^ 126 . ■ 


5832 




10. . ■ 


9 


2 . 


11 • 


7 


l8cj ' 


1^.5 ; ^ . 



1.10 Rat io ;- Lenj;th to Width Sf 

If we are comparing the measure of the lehgth^to the measure of the 
vidth, the ratio woul4 be ^ with length ae iShe numerator. 

• ' This demonstration is a good exercise in approximation. The ^length 
and'vidth are Ijoth hard ^to determine oxi a lf»arf and the measure, at best, is to 
the ne&rest m. ^ 

When we cccipare.or "order" -two numbers such as 

process ^suggested in the text is but one of several ways. However, it is the 

* ** • * * ^ 100 ^ 

most comnon... You could show that ' -g;^ » l.|f92537313 * • t but' the ratio 

• ' 100 1 • ^925^7313 • * * 
is: -jjn: ■ * <^ r^v i -^ . -V • 'j^g denominator does r4ot disappear; it just 

is usually not shown just as 2 is seldom written y • ' 

Another camnon way' of ordering rati9n,al numbers is to change both ^;o 

equivalent s*ractions wi.th. ccmmon denominator, ^us and have a 

cacQion denaainator of 6? ' §6 or f>896. ^Eie equivalent fractions then would 
100 - 88C0 , 131 87T7 ' 8600 ^ 8777 . 100 ^ 131 

*£lhen changing fran a fractional numbefjf to an equivalent decimal, the 
unjlt OT units of ccmpari.son are the units ^yiiu the decimal systea, tens, 
ones, ♦^nths, hundredths, etc. 

/'Rounding' off'' might need to be revie^e 

Rounding, off is useful in estimating results. For instance, cupposti 
we have to find the^pi^uct: 1.3^ x 3-56. This would be approximately 1x1^ 
=1 or. if we wanted a little closer estimate, we -^oulJl' cckpute : 
1.3 ^ 3'^ = U.7 approximacely. 

. Rounding off is also aseful when we are consideriiig approximations in 
percents. For instance, if it- turned out to be true that about 2 out of 7 
families have dogs, it woald be foolish to carry this out to many deciiJ^al 
places in order to gei; an answer in percent.' We would ^osually just use two 
places and say that about 2"9 percent of all families-liave dogs, or we could 
round this still further and refer to 3o percent. 



A special problem arises wheQ the nunber to be rounded occurs exactly 

♦A 

half-wfily between the two approximating numbers. For instanpe, hov does one ,^ 

rpuhd 3«1215 to three decimal places? The two approximating numbets are 

... • * 

3 ♦121,. and 3 •122 .and one is Just as accurate an approximation as the other. 

I • * ^ 0 ' ^ 

Often it,malces lijttle difference which decimal is^used* However, i^^or * 

several numbers of a sum one always round e^ to^the lower figut-e, the aiaswer 

would phjbably b? too small. For this reason, we shall agree to choose the 

decimal whose last digit' is even. Thus in the above case, we could "choose**^ 

3.122 since its^sl digit is even; this number is larger than the given 

number. But if tlie given number were 3 •1^25 we would choose* 3-1^2 as the 

approximating number since the given number lies'between 3«1^2^ and 3-1^3 

and it is the decimal 3*1^2 whose last digit Is even; here we have chosen 

• • • * 

the smaller of the two approximating numbers. 

ASera^e Ratio ^ ' 

Leaves picktjd from the same tree or bush will -U^ally have approxi- 
mately the 'same ratio of ^ • However, the ratip/ of the very small young 
leaf and the very mature large lepf quite often differs from the mean. This, 
of course, is to be expected and would sh Ucely on a frequency distrl- 

bution. - I /\ 

The students should all- savi their d(rta tables and graphs. The dat^i 
on average ratios could J^e used later after /frequency distribution has been 
introduced. You may even decide to make a ilass frequency distribution based^ 
upon each individual ratio, A sample of '6OO-80O leaves could give a nicely 
formed normal cur\'e. \ 

1.12 ^ Graph ^ \ 

A g09d commercial^ graph paper available i^i^^^ schccfl store or^supply 
would be an advantage to ^the construction ofrnfSHy graphs in this unit. A 
choice of papers would be even better. 10 x 10 to the • j inch, 10 X \0 
to the inch, centimeter squares., end \ inch squares are ali>handy types of 
graph paper to have. » ' . ' ^• 

The concept of ordered pairs is very infomally introduced" here c 
Ratio, with its empUsis on the order, leads into order<?d pairs. However, we 
run-dnto a problon here In this demonstration. If wg graph i/w as ( I, w) 
then the length is the horizontals distance frcm the origin, andT -the^^ddth is 
the vertical distance frc^ the origin. This would be all right except- for 



tbe conflict with the "slope" of the line. Line slope is ^ 



t amount of 



^y^ .change over the amoimt of 



cHange.) A ratio of 



I 72 



= i.8 



aeans that length infe^eas^^s TL".© Mnits for every 1 tOiit width increase. On 
""a graph the cklppe of 1.8^ {line wouldj be^"steeper" *than a slope of 1 (line 
B)- . See Figure l-12a. But if graphed a^ " £ " for^ebscissa (first term - 
.''•horizon\;al distan.ce) ^ and v for ordinate, then the graph would be a line 
(line 6) ^iQh appears as a slope less than 1. This is the reason students 
were itistiycted to record widths in the left Cw^umn and lerigths in the right, 
, column of their data tables. Ordered pairs of the fom (v, / ) give a line^g? 

graph vhose slope is the same as their average ratio ^ . The vi*itets fe3^ 
" ithat^tjiis consistency was important. • ♦ f 




10 20 30 40 50 60 

Figui^e 1-I2a 



Hbcercise 1-12 



f Problgas Using Ratio 

1. A tree in front of a fraternity house on the can^pus of Stanford 'Jniyersity 
gave an average ratio of ^ of leaves as 1.^ for the leaves measured. 



^If a leaf had a width of 50 what would be its length? 

70 mm' 



r 



11 



'SiwsW ^^^^ as -in Pro'blem . 1 

'©•-^ *If Nft* leaf were 65 ram in width, wMt would "be 

^ the'lengtih? • ^ . J"! 

"b. A width of 20 mm would give a length of 

#• ■ . - 

If the length of a leaf frcmi the same tree was > 
m, what? would "be tjhe expected, width ? 

•!)• Proa a length of 65 mto, one would expect 
/ a width of . " > - 

' / •* ' ^ 

a. Desdfihe a leaf which had e - raiio of •65» 



91 mm 



28 mm 



33 mm 



46 



h* Draw what you think such a leaf would reseable. Short and .wide 



If a. leaf had a j of .65 and a width- of 
'vhat would l)e the' expected length? 



5k mm 



With a 



ratio of .72 and a length of 



67 mm, what would "be the expected width? 

a h 

a. Given a - of • -r^ • '^^^ expected 
w 1.0 

' length of 8 leaf which has width meas^ 
. ure of I an. • 

a. Given the same ratio of -J— = (-^ what 

x*u w 

Would be the mathematical expectation of 
thh length measure if the width measure 
were 35 meters? 

b. Would such a leaf be found on Earth? 



kB mm 



l»h mm 



metei*s , 
not likely 



12 




of these are inserted "just for fun." Don*t tell the answers^ 
pl^r?K.^t jbhose;.^^ figure them ou^ have all of the pleasure. ^ 




and «a^fiaH^ 
' .One- solution: 



If" a brick veighs 9 pounds and a half, what is the weight of" a "brick 

Answer:' 27 lbs . 




9 lbs, 



2 



.9 + 2{|) 



iLet X = weight of q brick, then 
is an equation. 

.Solve for X ' ^ 2x - 2 " ' ^^^^ 
- 2x l8' + 

' ^ ■ 1 ^ ' 

Thwefore, if a brick veigla^ l8 lbs, then 1~ bricks weigh 27* lbs. 



mxiltipljc .teims by 2 

t 

another name for 1 



m 



/ 



iBackfflrbund Infoimation 



A Little Bit About Leaves 



Leaves in general perform for the total plant the.* function of food man- 
ufacture, called photosynthesis (building with light). Several characteristics 
which contribute to tht cay*rying out of this function are immediately apparient. 

Most leaves contain chlorophyll , a gre^n pigment, whose pui^ose is to 
utilize light energy (it need not necessarily be sxmlight) to produce — through 
a series of chemical reactions--food for the plant, and incidentally, for all 
animals as well. Sane leaves are variegated, having either light areas con- 
taining little chlorophyll, or dark red or brown areas consisting of darker 
pigments covering the chloi5c>phyll, but not" hindering its operation* There are 
other pigments as well in most leaves --chldrophyll xanthophyll, and caro- 
tene for example, each serving a supporting role in photosynthesis. 

Leaves, except l^r a few with special adaptations, some of which are 
desc2»ibed below, are aJmost ujiiversally flat. 

Food manufacture requires, in addition to chlorophyll and light, the 
raw; materials water from the soil and carbon dioxide from the air. , Ijfie 
water is carried through specialized tubes from the roots via the stem^ petioles, 



13 



28 



if present, to the leaf, hlades where the tuhes can he seen clustered together 
in veins. The veins spread over a leaf in a pattern, the type of pattern de- 
pending on the type of plant. In general, these plants can he divided into 
two categories: those with parallel-veined leaves as illustrated hy the lily 
family or com, and those with netted-veined leaves, as shown in the text. 

Another important function of teaves is the control of water loss^ .The 
■ tiny openings in leaf surfaces are^ called stomate^ — or stcsaata, to use the 
Latin tern. (These are invisible except with a microscope*) Stomates open ^ 
^dnd close hy reacting to several factors in the cells and the atmosphere, such 
as water pressure, light, and temperature- Most leaves also have'added pro- 
tection fron water loss, for example, a waxy or hairy. coating, or modification^ 
into spines. * ' . * 

I ' 'J^e stomates also control the exchange of gases hetween the cells of the 
leaf and the environment. Carhon dioxide is essential for photosynthesis and 
oxygen is released as a hy-product, a process occurring only in the presence 
of light. At the. same time, oxygen is needed for respiration (release of ^ 
energy) and carbon dioxide is the by-product- This prdcess is |^oing on con.-^ 
stantly, whether light is present or not, 

Scaae unusual adaptations among leaves: ^ ^ , * 

Sveet Pea tendrils .are modified' leaves used for clinging. 
' Pitcher Plant and Venus FlV Trap are both mt)dified to capture in-_ ^ 
sects. They grow in hogs vhere essential nitrogen is scarce and 
apparently .ohtain the nitrogen frcm -uhv animel jproteln. 
T^ater Lilies have hroad flat leaves adapted for floating. 
\ cactu8 "leaves" are modified into spines for vater conservation. 
The hroad structures ar^ steins. 

Conifers (cone-hearing tr^ees) have needles or scal^-like leaves. 

Srae amazing facts: 

It has been estimated that annually 200 hillion tons of carhon 
fron carhon dio:^de is converted into starch hy plants'. The pro- 
, ;. cess its-elf (not ^he qifantity) is equivalent to a .car heing ahl'e 
to convert its own exhaust gases into fuel. , 
The -process of photosynthesis has oftra been quo€ed as the single 
most- important chemical reaction in the world, pinc6 the entire 
x.od supply and nearly all the total fuel supply (wood, t:oal, oil) 



'l..2^> 



upon it. The food of all living things is ultimately traceable 
''^^^^ plants, even though the so-called /'food chain" may include many ani- 

^^"V:; " , Example: grain moust snake havk* 

iChiprophyll is organized into tiny chloroplaats . averagitig between 5 and 10m 
:^l;;^"long» (A micron ( a< ) is ^jggj of a mm.) "100 chloroplasts ^aced end 

.to OJd'vbuld foim a link sausagie thQt would Just stretch across the diameter of 
W^^ ;^the period at *-,he end of this sentence," states J. Van Overbeek in The Lorfe - 
%t -Liikiy^Pianta t kcGraw Hill, 196U. 

^|^^;1.13; Activity 2 Paper Chromatography • 

No attempt is made to use scientific terminology pertaining to chroma- 
tog:Miphy. Although this technique is conpnonly used as an aid in chemical anal* 
0C ysls, it is used here only as a means of collecting" data that can be used to 



further develop laarhematical concepts* It shoiild be pointed out that the ma- 
teriala and techniques used in the experiment only demonstrate the method and 
will not result in data that can be used for precision analysis. It has been 
found that easily obtainable materials give results that are atfbisfactory. The 
chrcciatcgrapliy paP9;^^3ifed^in ^rial^^^ were strips cut fixxa white absorbent 
paper towels (either roll or folded). The water ^container V53 made by catting 
the bottom from a .paper milk carton ' (paper cup will do) leaving sides approx- 
imately one-half inch high. The substances Jfor color separation could be such 
things SF water soluble inks, food' coloring, cloth dyes, etc. (Parker fountain 
pen ink or blue food coloring is good.) More unifoira data will result if 
students are cautioned' not to let the over-hanging paper strip touch the con - 
' tainer or desk edge . Also'thfe rate of travel by the Vater Is affected by 
evapoi^ation so care should be taken to set up apparatus in areas as free from 
^,adr currents or drafts as possible. In several trials using vhite absorbent 
paper towel and blue food coloring the data resulted in a graph similar to the 



'k ' two shown in Figure * 1-13 below. 

In scxne cases where regular chromatography paper is available, it is 
recommended that it be used. (Try the local chemistry teacher.) 



distance 
(d) 
in cm 




'distance, 
in cm 



ytlms (t) in min 

Figure I-I3 




time (t) in min' 



Materials needed for each student: . 

1. 'substance to ^e tested, (ink or food coloring) 

2. Shallow container for valuer (solvent). Bottom of a small paper milk 
container or paper cup.' 

3. P^per (chromatography or^vhitie paper towel). 
^« Paper clip " . 

5. Water 

6. Pointed ^)"bject; such as toothpick 

7. Ruler (preferably metric) 

8. CZock or watch • - ' 

9. Graph paper 



Procedure 



Some students may question the marks placed on the paper atrip. If they 
think that' the pencil mark is hindering the movanent of solvent Chen have 
them try the same size strip but change the pencil mark to a "dot" along 
one side. 

The amount of test substance placed on the chromatography paper should t>e 
liniit^. tp a, smalV.dot..lf,P98fji,ble... ten minutes, should be adequate time 
to give results for both determining Rf values and'*graphing. 
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Chromatography Data 
Table II 



■ ■ >^ 


Distance 


'Ratio Front 




Traveled 


(Rf) 


distance traveled by water 


12.5 cm ' 




distance - traveled ."by brown 


11.7 cm 


.91+ 


distance traveled by ^ blue 


9»90 cm 


.79 


distance traveled by red 


5.50 cm 


M 



Table v l-13b 



7"^ 



l.ih fe[ Value - Ratio / 

The da4;;a can be used to determine Rf values by finding the ratio of 
distances traveled. ^ ' ^ ^ 

' ^ Distance traveled by color 

'Distance traveled by water (solvent) 

It is Important to point out that standard, tables of Rf , values ^include in- 
fomation on type of paper, solvent used, temperature, and time. In .other 
words, a given substance could have a different set of l^f Walues for each 
variable. The Rf values given as exair-les in the student text^do not state 
the CQnditions. 



Exercise 



Rf Values 



Interpret the following Rf values with respect to distance traveled by 
water and colors . 

Problem Answer 



a, 
b. 
c. 
d. 
e. 
f. 



Rf 
Rf 
Rf 
Rf 
Rf 
Rf 



= 0.1 

= '0.3 

= 0.8 

i 

= 0.25 

= 0.33 

= 1.0 



Color travels 0.1 x w6ter distance 
Color travels . - X water 
Color travels .8 x water 
Co** or travels *25 X water 
Color travels .33 X water 
Water and color travel s^e 
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iW^- ' ' 2- 'a* A chromatogr^^: produced the follovlng data. Identify as A", B, C, etc* 
^^f^ • the> ccanpounds in the mixture* (Data in student text) • 

distance traveled iDy water « 25 cm' 

f^^y^ ^»^^.<i'»{^v,| 'diitsnbe t^avel^ed by- Color si = 25 cm , 

distance traveled* by Color ?I = 10 dn 

distance traveled by Color '^III ^. ^ 

Answer:, Compolmds E, B> H« , ^ - ^ ' ^ 

b. (Data in student text*) - * 

distance traveled by water « i8 cm * 

* distance traveled by Color 'I s 12 cm 

distance traveled by Col^ II = l6.6 cm . _ 

distance traveled by -Color III = 5*8 cm 

Answer; Compounds C, A, G. 



lERlC 
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l4l5 Graphing Chromotography Data ^ 

Students are instructed to refer to Section 1.12 if a review of graph 
mak'ing is necessary • 

Questions are asked about ease of interpretation (data table versus 
graph) and in this '^ase they may "see" an easy interpretation .from dfeta table. 
Point out, however,, ".h'at this is not alvays the case. Generally, it is easier 
to make a general, statement of interpretation when readihg a graph. 



Exercise 1-1! 



i. 

it , 



I Interpreting Graph Data 

What is the measure of the distance that the mixture ..traveled during the 
first minute? 

Apsweri Will vary *. . ' ^ 

J^nd the measure of the distance traveled by the mixture during the 
second minute. ^ 
Answer: Will vary 
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'Did the mixture travel the sctoie distance each minute? 
* % * Answer: No ' - ' 

^?rrj""**^'» ' How far did the aixture travel during' the fifth 'minute? 
' Answer:' Will vary 

5»* V?hat is the ratio of the' distance traveled during the, second minute to 
distance traveled during the first >minute? 
Answer: Will vary 

6. What is the ratio of the distance traveled during ^^K^ fifth mintite to 
distance traveled duAijg the first mir^ujte? 
^ Answer: Will vary 

7» Approximately how many mm did the ^mixture travel during the last 

minute? • ' 

\ Answer: ^ Will vary but probably less than 2 ™ 

8« Express as a ratio the distance traveled during^he last minute to the 
distance traveled the first minute. 

Ans^^er: Will vary ^ ; . 

9« At whajb time interval does the "slowing down" process first become 
really noticeable? ^ * 

Answer:'- About the fifth minute 

XO* Given a paper of infinite length and conditions the same as in your class 
roan, you think the prcifeess would ever stop completely? ♦ Why? ' 
, Apfewer: Yes# As surface area becomes greater, evaporation becomes 
, / greater and equilibrium between capillary action and eva- 

poration would exist. 



Sample Test Items 



Measurement items 



1. Measure the length of the following segments to the nearest centimeter, 
(a) _: ■ . , ( & cm ) ' 

* (b), , [ , ( ^ cm ) 



f ERIC 



a- 1 



^^4^-^,^* '.2. ^Measure the. segments, in the proMem ^ 



Vitrei 



3* 



^Measure the. segments, in the proMem alcove to the nearest millimeter, 
(a) 77 Bim * ' ^ 

UsJ.ng the methc/ds of the last few veeks, measure the length and the vidth ^ 
6t the followf.ng leaf zo th^ nearest millimeter. 

• i ' = 20 mm 
29 mm 



W 



k. Name the following qxxantities using a different unit of measure. 



(a)'**32 hoxirs 

(h) 12 minutes 

Mc) 2 yd 

(d) h cm 



(210 miziutes) 

( ^ hr or 720 sec) 

( 6 f t ) ^ 

(Uo mm) 



5. 



The tem that we use to explain the fact that some people of the same 
age ax^e taller than others, is • ^ ( natural variation ) 

What would he a logical unit to use in the following measurements? 

(a) The height of a telephone pole - (feet) 

(h) The width of a .desk , * (inches) 

(c) Depth of your aquarium ' (inches) 



,(d) Length of your car^s wtieelhase 



( inches ) 



7,. Wiat measuronent of length can we use and he ^act? 



(none) 



Ratio Items • *\ 

8* Repress ijihe ratio of 9 5 as a fraction. 

9* What is the ratio of 5 to 9 ^ - 

10. What is the, ratio of w to q ? 



ir. Which numher is greater, - 



or 



(f) 



20 

35 



12. 



13. 



Ik. 



15. 



Y of the class at Johnny Fink High School are 
"boys. The total enrolLnent is 791. Row aany 
Ijoys are there in the high scliool? 
i 



A leaf had a 



ratio of 1.1. If its 



widtu "is 1 cm, what is its length in nm ? 

With a ratio of .95, what would be 

vidth of a, leaf 15 cm long? Answer in mm. . 

Draw a leaf with an approxima'ce •= of 1*9* 

rW 



(^^52) : 
(11) 

{lk2\^ mm) 




' Chromatography Items 

Explanation of Ibcperiment 1; 

A small drop of brown food coloring was placed on point A of the 
following paper towel strip: • « 



point A 



nes are ^ cm. ap^rt 



- " "^-a^ chronatogr^iphy experiments, the towel strip was placed in. a 
sha!^low container of water for the purpose of observing the mov^erit of the 
brown food coloring down the strip. The following illustrates ^€he results of 
oiir experiments; ' ' « • 



21 



A 



>^ movement at end 
' of Ist minute 



C 



3rd' minute 



1 L 



10 ^ 

^2nd minute 




■5th minute 



20 

^i^th minute 



30 



The experiment was stopped at the end^of 5 minutes. 



' QuestionEy on Experiment 1 : 

1. How many mm apart are the parallel lines on 
the paper towel strip? 

2» Prepare a time in ciinutes --distance in mm 
table* ' 



Answers 



1. 2 mm 



time 


dist. 


in 


. in 


min. 


mm 


0 


0 


1 


1 


. 2' . 


u 


3 


9 




,16 




'25 



3. Kow many mm did the food -coloring travel 

during the Ii-th minute? ^ - 

\. How m^ny mm did the food coloring travel 

• during the Ist minute? ^ 

5, . What is the ratio of the distance traveled 

during the 3rd minute to the distance traveled / 
duririg the Ist minute? (decimal notation) 5- ^5-0 



7 mm 



1 mm 



61 What is the Iratio of the distance traveled 
during the 2nd loinute t.o the distance 
traveled duri.ng' the 5th lalnute? (deciiaal 
notation) 

7. At vhat time interval doesHhe/^lor "begin 
to slov dovn? ' 



.33 



hasn't yet 



8* Graph the data of the table of question No. 2 8. 
using the -horizontal axis for units of time and 
the vertical axis for un^ts of distance traveled. 
Dra^ a curve that best fits ^the points you 
have plotted. 



r 




r 5 3 ^5 



Experiment 2 



^ One drop each of blue, orange, and. pink food coloring are placed on point 
A. The following paper strip illustrfites the distance. traveled by each color 
at the end of 5. m.inutese 



point A 




Pink 



10 



Orange 



Blue 

am 



20 



ana 

^ Water A 



30 



i;'ERlC 



£3 



38 



>c ' ^ . 

' ftueatlbna on lb q)ex*toent 2: . ' 

!• What is the Ratio Front for the coior pink? . /I* 
2v Vhat Is the Ratio Front for the color blue? i:. "J -'X 

3* What is the Ratio Front for the color orange? 3« '77 

iZSVed , below are some Rf values: 

Substance M Substance M , • 

'A 1,2 E- 0.7 ' . 

, B. . . ^O*? F S 0V2 

C O.U G 0.9 ' - , . ^ ^ 

D , 1,0 • ^ ,H 0.3 ^ * ^ ' ' 

' ' .' * 

A chroma^togram produced the follovrlng data: • ^ 

/, Distance traveled by water = 35 <2n > 

Dis stance traveled by Color I = 1^+ cm " " 

Distance traveled by Color II =^ 7 cm 

Distance traveled by Color III = 35 cm 

U. Color I is the same as Substance * C 

5. Color II is thfe same as Substance ^ . 5« E • 

64 * Color If I is the same as Substance 6. D ' 

iinother chrcraatogram produced: ' 

' Distance traveled by yater ^-k- 16 an 

Distance traveled by Color IV ='^19.2 an 

Distance traveled by Color V = 11.2 cm 

Distance col^ 'ed by Color VI = U.S cm ' ^ 

7» Color IV is Ihc same as Substance 7/ A 

8* Color V is the same as Substance « 8. E ^ 

9. Color' VI^ is the same as Substance . 9* H 
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uJ, . - NATURAL VARIATION - "US' 



Chapter 2 
, VARIATIOIj 

ADDITION ^ OF MEASURiMEKT AND pREATEST POSSIBLE ERROR 



2.1 Introdi^g-tlon * ^ ' . • ^ 

It Is the hope of the writers that by using a biological activity and 
the presentatio;:! of a biological problem qt the outset j thereby, showing the 
nead for understanding of certain mathematical pi^cedi^res, a higher degree of 
motivation might b^ realized. ^ » 

As 'in Chapter 1. the mathematical concepts dealt with are not developed 
to thefr fullest potential^ but are treated only sufficiently to enable the 
student to solve the problem at hand. 

In this chapter measurement is expanded to include addition of measure* . 
ments and the concept of greatest possible error in measurement, approached 
through addition, as well as determination of averages. 



2.2 Preliminary Preparation ^ „ 

Th^ teacher must plan well ahead for this activity, s^nce some advance 
Vork.fflust be done. Students ar^ instructed to read all ^ Sections 2.2 and 

2.3 before starring this activity. 

Materials: 

1. About. 60> of wrapping paper (30 - 36" width). 
^2* A 6- or 10-foot tape measure, calibrated^ in ^ -inches.. 
3. ■ A foot ruler for each student. 

k. 'Masking tape (Scotch is one brand) to hold the M.apping paper secure 

In selecting the location in the room for the measurements, the teacher 
should point out to the students the difficulties of measuring over chalk 
rails or any other objects which extend" from the wall. The ^ ..thors found 
that the wall extending from a corner fas an easy place tc measure reacn^by 
having the students touch the adjacent wall with their finger tips. (Figure 
2-Ub.) The wi-apping paper should be long enough so that no stud^r^t's reach, 
or height, would extend beyond the papei^. * 
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Some 8t\iifient8 will have a 6-, 8-, or 10-foot steel tape measiore at home 
thmt they vpuM willing to bring for the measuring* It is important that 
JLtt the foot measure they first measure each ir^dividual foot lehgth and then 
'take a jingle measure with the tape to show their difference in error. The 
aicgie nJeasurej together with its G. P. should fall well within the allow- 
. able, range. The range is the, sum of the individual measures \^th their 



- < 



2.3 G reate6t-1^8sible Error 
^ •* ^ , » ■ 

lihe main reason for introducing G. P. E, to the student is to acquaint ^ 
him with the fact that all raeasui'es are approximate and yet when made with 
care, they do have a maximum or greatest possible error. In everyday living 
*the^ ability to measure as well as to compute is very important. ^ 

ComjE>utations with exact numbers give exac,t answers, e.g., 6$ X k9k^ = 
306,71V; bdt computations with approximate numbers give only approximate 
answers, e.g., 62" X k<$k^*^ could give a great variance in area answer depend- 
ing upon the size of the unit of measure. If measured in whole inches, then'^ 
the area co^ild vary from 29^,316.75 sq in to 309,218.75 sq in , a difference 
of 1^,902 sq in. 0 . - 

IE0 be consistent, G, P. E. has been defined as ^ the smallest unit of 
measure used in the measurement. This is a mathematical definition. Of 
course, students can make much greater errors if they do not k»oy how to meas- 
^e carefully The G. P. E. does not guarantee accuracy. Students must stil3 
14am how to measure, 
r 



Figure 2-3a 



B 



I « I ■ i < I ■ ' il ■ 1 1 h 1 1 1 



Iii-^lgure 2-3a: 



inches 



inch 


AB 


measures 


1 


inches 


inch 


AB 


measures 




inches 


inch 


AB 


mea&iires 




inches 




states the measurement to the city liqiits sign* 
^ 'Distance betweien tovna on road maps is from City Hall to City Hall. This was 
done to -eliminate confusion on the part of the student. 
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6. 

7. 
8. 



Exerclfle 2-3 



Measturement 


Smallest Unit 


35 yds., 2 ft. 


1 ft. 


Ik ft. 


1 ft. 


ft., 3 in. 


1 in. 


3 meters 


1 dm. 






5* km. , 270 m. 


1 m. 


7 km., 3^ m., cm. 


1 cm. 


38 miles, 560 yds. 


. lO^yds. 


93,562,000 miles 


1000 miles 



Measurement with 
G.t.E. Expressed 



35 yds., 2 ft. +1 



ft. 



lif ft. ±1 ft. 

Ik ft., 3 in. ± i in. 

1 

3 meters ± ^ dm. or 5 cm. 



5 km., 270 m. ± 



1 

5 m. 



or ^ dm . 



1 

5" cm. 

7 km., 395 m., kl cm., * = ^ ^ 

• or p mm . 

5 yds. 

36 ml., 560 yds. i or I5 ft. 



93,562,000 mi.. ± 500 mi. 



1^- 

t 

I- 



2.1v Measuring Height , Reach and Length of Foot 

In choosing the groups the size i^ not too important, ^tit if a fair com- 
parison of the groups is to be made, there should be, as nearly as possible, 
the sane number in each group.-""'* 

!Ehis could be the student*© first exposure to the concept of G. P. E. 
The activity was purposely kept simple. The authors found that even adults 
will cooperate when asked^to join in the e-r^periment . All seemed interested 
in their own and their friends* ratio of reach to height. 

All student groups need not measure at the same time unless it is con- : 
venient to do so in your room*. Some could be marking and measuring t?hile 
pthers who have finished could be doing the necessary ^computation. 



2 '5 Recording the Data 

Bach student in^ should have a table prepared similar to Table 2-5b. 

The 'decimal equivalents were .furnished to aid cora^uting^the^ ratio. 
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a,o ^ Computing Ratio > 

The class might find it Interesting to compute the average ratio of 
reach to height frtr their group or for the class. The more ratios- you average, 

s 

the closer j.t might approach l.CX) . The foot size has a greater variation 
and it probably would' gain little if ^he class average of foot to height were 
cotnpufred. , 



2.7 Graphing' Activity 

If the measures of reach and height are rounded off to the nearest inch, 
graphing 'the data will he simpler and a closer approximation to a linear 
function.. 

If this data is retained by the student or teacher,, it will furnish 
interesting additional material for a class histogram after Chapter h is 
studied. 

Exercise 2-7 

1. Did the boys or the girls in your row have a closer ratio of reach to 
height? ( Answer will vary . ) 

2, If you used the smallest and the largest ratio of reach to height in 
your^group, what would be the shortest and longest reach you couM 
expect for a boy 10 feet tall? , 

' ' ( Answers will vary ; should be » 2?7"' and 10*6" . ) 

3^. A basketball player is 7 feet 3 inches tall. His shoulders e,re 13 
^ Inches from the top of his head, and his arras are 9 inches from the 

center of his tack. How high would you expect him to be able to reach? 
(87" - 13" + (f " - 9) = 108|" or. 9'|" •) 



if 



k» About. ho'Jr large of a tree tronk (circumference) could the fourth person 
in Table! 2-5'd reach around and touch his finger tips? (A nswers vary . ) 

1 4 

5. If all the students in ycur row would extend their arms around a larger 

^ ^ tree trunk, what would be the largest circumference that they could 

\ 

measure if all fingers were Just touching. ( Answers vary >) 

6. A student *s foot measures 10.25 inches from heel to toe. If he walked 
heel-to-toe for one mile, how rilany steps would he take? Can this be 
used as a useful measuring unit? ( « steps; 6l8l.U63U-f ; yes, 
but pr^obably less accurate than some other devices.) 

28 



J»F.F. If ^« cjock strikes U times in 3 seconds, how mafty t^mes will it strike 

in 9 8^cond%? (lO - one every second, e.g., h in 3 seconds 

5 in if seconds 

' . 6 in 5 secbnds 

etc . I • ' ■ 
.10 in 9 secAnds) 

. ^ " 1 



/ 



^•^ Addition of Measures ^ ^ 

Computation with ^enominat^ numbers (a number wnose uni , represents a 
udt of Measure) can be both interesting and confusing to students. Since 
all measurements-are approximate, we are continxaing to suggest that students 
maintain the idea of precision and greatest possitle error. , 

This section suggests to the student that the idea of the distributive 
property will also work to explain the addition and subtrac/tion of measure^ 

Sometimes the fact that lOy + 5y = 15y is explained by saying 
10 hares + 5 hares = 15 hares. This is satisfactory m^til wc come to lQy/><^5y: 
then is 10 hares multiplied by 5 hares equal to 50 sotiare. haras? Or ev0n 
worse, does 5 birds X 7 dogs = 35 bird dogs ? If we/stick to the mathematical * 
properties of numbers only to Justify our positioi^ we are ueually on safe 
ground . \ 

0 

You might want to review the distributive property with the class. 
Remember, for any numbers a, b and c it is true that a(b + c) = ab + ac 
and conversely. 



2.8l. Greatest Possible Error : Addition of 'M easurement 

, The greatest possible error of a sum is the sum of the greatest possible 
errors, and the G. P. E. of a difference is still the sum of the greatest 
possible errors. 

Rules dealing with greatest possible error will cause ph:.losophic prob- 
lems along with your mathematical'problems . The follqving is just to warn 
you of the problems, not to cause new ones. Let's use an example. Add 3^^", 

and 3". Assume the precision is the least unit used in any one measure. 
One way to add would be as follows: 
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. 3j" ± J" 
4" i 7 



'3" ± 



In 



12|" t or a range of ^ 11^"' to 13^ 



f ^ 
If we round off to the unit of lea^* precision before we acLd, 'then 



3" 
6" ^ 



12" ± ^" or a range of to -12^". 



If we add and then round off to the unit of least precision, we have 
(Rule suggested in text) 



^In III 

% ± 5 

/'111 111 

% ± IT 

3" ± I" 



'3u 



7., 



"c" 



7.. 



13"'+ ^" a range of 
12^" to I3J'. 



If we add, round off the siim to the unit of least precision, and use for the 
G. P. E. of the sum the .-number of addens times the G. P. E. of the unit used 
in the sum, we have: 

"D" 



13" ± l|" or a range of 

to ii*i'; 



3^ 


+ 


i„ 


t 


+ 


ill 


3" 


± 


1.. 

2 


i4" 




7„ 
H 



On a number line the ranges would appear as 



\ 



t f M 1 I i I M ( 



1^ 

I i I 1 1 I 
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VYdu vlil recognize that "C".flts the rvles ve have chosen to use* "D" might 
be considered "^afer** but does not allow us to use the sum of the G. P« E. 

" * The .xules we have suggested in t^ie text seem the taost coi^sistent with 
the rules deali-ng with signi-ficant digits which the student will study in 
Chapter 3. • ' * ^ 

Exercise 2-8l 

!• Perform the following computations: . 

(A) 37 nin. + .5 mm. (D) 3 yds. 2 f t. + | in. 

+ 33 nau± .5 m . * ' 9 yds, 1 ft. + i in* 

50 m± 1.0 ram; 13 yds. ± 1 in„ . 

*• / 

(B) hi cm.± .5 cm. (E) 19 iiiiu± .5 mm.- 
+ 39 cm. i; .5 cm . ' ' - 17 mnw± mm . 

80 cm,+ l.p cm. • ' ' 2 mm.i: 1.0 mm. 

, (C) Sk ft.±iin. (F) 39 cm.+ .5 cm. ^ 

+ 32 ft. in. - 38 cm.± .5 cm .gj 

96 ft» + 1 in. ' 1 cm* + 1.0 cm." 

Be siu:e to caution students that- even in a subtraction problem (like 
B and F above) the G. P. E. is added, not ^subtracted* This might be a 
good time* to take a problem like F and show, the ^rious ways it could come 
out. o. ^ ' ^ 

(1) 39 cm. + .5 'cm. (2)- 39 cm. + c.5 cm. 

- 38 cm.+ .5 cm . ^ - 38 cm* '- cm . 

1 cm.'+ 1.0 cm. . 1 cm. (+ O) 

or 2 cm. or 1 cm. 

' (3)* 39 cm.- .5 cm. {h) 39 cm. - .5 cm. 

- 38 cm. - cm . - 38 cm. + cm . 

1 ca - 1.6 cm. V ' 1 cm. (+ 0) 

or 0 tcm. • or 1 cm. 



Find the greatest jxDS^ible error for the sums of the measurements in 
each of the following. (Assume that the unit of measurement is the 
least unit used in any one measui^e, e.g., 5^" measurement - least 

It! r> w li* 



unit IB I", G. P. E.,'^".) 
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(A) in., 6^ in., 3^ in., G. P. S. of sum is ± in» Answer: 

(B) '3^ in., ^in., 3.ini * ' Answeri 

(C) ' ^>2«in., 5.03 in. Answer: 

(D) 1*2.5 in., 36.0 in., in. ' Answer: 

\ / • f 

(E) 0.00^^ in., 2.1 in., 6.135 in. Answers* 
.(F) 2jin., l^in., 3^ in. 



Add the following measures: 

(A) U2^^36, 578.1, 73 A, 37.2^, 0.62 

(B) 85*l+2^ 7.301, 16.015, 36. k 

(C) ^9.36, O.S^lh 1713.06, 35.2? 



Answer: 



Answer: 
Answer: 
Answer: 



inch 

^ inch 

.055 in.* 

.15 inch 

.0510 in, 
7 



32 



inch 



731.7 
11*5.1 
1,758.01* 



Subtract the following measures^ 

(A) 7.3 - 6.28 

(B) 735 - 0.73 

(C) 5^*30 - 61*7 



Answer: 
Answer: 
Answer: 



1.0 

73*^ 
1*780 



2.82 Greatest Possible Error - '^ Sum of- computer" 

In a subtraction problem of measurements it is possible of course that- 
the G. P. E. may exceed the measure. The idea of the greatest possible^ error 
must stress the^ word gr eatest . It is the limit of the error. ' Most errors 
would be less« The probabilities aret rather complex. Students can appreciate 
the greatest part of the expression £f reminded* 

In the example in the text, 

61 mm. + .5 nm. 
^ - 1*7 ±' .5 rom * 

f ^ ' Ik mm. ± 1.0 mm > 

the greatest possible error of + 1 may cause some discussion. Many students 
will want to subtract^ the errors and arrive at zero for the G. B. E. This 
would be increasing the precision of the measures beyond either of the original 
measures by a mathematical computation. It is hard to show properly all of 
the possibilities of combining + 1 and + 1 becuase these are only the 
^ upper and lower limits. All ♦values in between must also be considered. 

A makerjhift slide rule mighty illustrate the idea. See Figure 2--7a in the 
student text. 1 • * 
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47 



'0-' 



1^ 



Sliding one ,past the other and notii:ig the sum of the oppo'sing valuei 
voxild demonstrate some values other than the limits • Construct by covering 
2' yard tf^icks or met^r sticks vith paper marked as in Figiure 2-7a« Using 
marks for -1 to +1 vith ^and marked on it, we can ,gain an idea 
of the frequency with which various error combinations might appear. 





Sum of 2 

g: e7 




Tallies 


f - 


Per cent 
of Total 



2 


i3 


4 . 




1 


3 
F 


1 
2 


1 


0 


1 


\ ^ 


n 


W 


ni 




nil 


m' 




1 


1 


.2 


2 


3 


3 


u 




5 






856 


8?t 


. 12^ _ 


12^ 


16^ 


1656 


20?t 



Tot a J, Number 
of Tallies 
25 



Table 2-&a 

If the sum computer were completed for values of +2 to -2 by ^ units, the 
percentages would of course change. However, the concept of "O" beirlg the 
most prevalent value as against the extremes still holds up. 



*5 * 



2 #9 Shoes ', shoe^, shoes .... 

The important part of this activity is that the students use several 
measurements and add them. The sum is checked with one single measurement. 

If all measurements are made with care, the sum of tne measures with the 
\ sum of the G. P. E. 's should make a range which includes the single measure 
together with its G. P. E. 



-/ I 2.10 Recording Data 



The Table 2-10 should be prepared by each member of the group. Its 
intent is to illustrate the compounding of errors in measurements. 

2.11 Summary 

H'ere "growth" is introduced for the first time. Growth curves are dealt 
wijih in much greater detail in Chapter 6, where a mold population is used as 
the activity. Also included in Chapter 6 are -data tables to illustrate the 
uniformity of such "curves" of growth.. It is suggested, however/ that the 
drama ox^ this biological phenomenon be saved for that chaj^er. 

Mentioned here are the two concepts of growth: division (multiplication!) 
of pells aad cell specialization. It might be interesting to the students to 
explain that when cell division takes place in an uncontrolled fashion, cancer . 
\ results* 

, An emphasis is 'placed here on the dynamism. pf cellular activity.^ Activ- 
ity-^cheraical reactions, division of the DM molecules, building of protein 
molecules, even a flame--like action of the 'cell membrane is going on con- 



stantly. ^oo often as a resiilt of 'seeing pictures or even when living cells 
are observed through a microscope, the cells seem to be static, so students 
think ofjthem ^ relatively still objects* 

Energy is treated more fully in "some of the later chapters. 



2.12 Optional Activity - Growth from Seedg 

This activity is based upon seeds germinating and then showing some 
growth in both root and stem. In the preliminary version of this text, 
Chapter 2 was based upon bean plants and their growth, to teach addition of 
measurement, greatest possible error and levers* From the reports of the 
teachers who used the preliminary version during the test year, beans planted 
iji^Kjntainers (milk cartons filled with vermiculite) just "d^o not grow in the 
wintertime* Schools get cold at night, sunlight is at a minimum and the 
beans act as 'though they know it is not spring. For.ihis reason, another 
activity was chosen to teach the nfeth of addition of measures and G. P. E* 

The authors tried the suggested activi^ty of 2.11 during the revision, 
and we feel that it might work any place'. Therefore, it is included as an 
optional abtivity which uses the math taught in this chapter. 



3^ 



m4 



Black-eyed peas (cheap if bought Jby bulk), pumpidn seeds, ank wateraelon 



seeds were used in the trial acti*/ities. If placed betweeji two wet^ paper 
towels in a pie plate foT^2k - hQ hours, germination is aided. 

Ttip acetate and paper toweling may be cut ahead of time with a paper 
cutter. Razor blades are best for CHitting the railkr cartons so you may wi 
1^0 do this yourself or have it done by a selected group. 



/The straws are glued to the toweling in order to force the plants to 
grow in 3 parallel revs. 

If the seeds are too close to the water (less than 10 cm.), they donH 
^, seem to genainate. . • 

The plastic should be cut so that it fits inside, the milk carton when 
placed on the diagonal . Outdated X-ray film may be purchased in packages of 
J 1000 sheets. Your local "chesx X-ray" facility may be able to furni-sh you , 
with some film fre^. 

When all pieces of equipment* are ready, the "wafers" may be prepared in 



\ 



\ 



class and placed in the containers. 



The plant growth will require sevcsral weeks. Thus you should plan on 
continuing on in this or another iiiath book. Have the class check dail>' for 
needed water and any plant activity. If the growth is slew, you may .waAt 
to measure only on the even days . , 

When the roots have developed and the stems started, a small amouut of 
plant food may be added to the water. It djoc/ rot take much. Don't overfeed,. 

The question of ro^^- ^nd stem direction is as!-ed ct? the student. The 
way the seed is placed does . ot affect the direc' i a of the growth. This" 
action which requires all ropts to go down and the stem up is called geotro- 
pisra (geo-'-from the G^>-ek woixi for the earth). :t refers to the response of 
the parts, of the plant 5:o the pull of the earth's gravity. 

If the apparatus were fcxorned end for end -after a few days of growth, 
the roots and stem would turn and again grow down and up, respectively. 

Experiments have been done with plants growing on a txirntable (such as 
a phonograph) and noting their reaction to the added force. The sl^eras grow 
against the extra force and lean in, while the roots grow in the .(direction 
of the added force. 

"Late comers" may be measured but would not ordinarily be considered in 
a scientific experiment. Science would try to exclude a^ many variables ae 

35 
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possible and therefore wouldjonly include those plants germinating at approxi- 
mately the same time under the same conditions, , » • » - 

We would hope Yor careful measurements, but again this aoti^rity should 
ecphasize that all measures are approximate, 

\' ' 

j gxercise 2>12a 

1» Vhich day showed the greatest total growth? Answer will -fary; that's 
"life", 

2, On \rtiich day did your ratio of stem to root change from zero? Answer 
will vary, 

3» Bid the ratio ever equal one? Probably, Exceed one? Everttually, 

k. Do you think this ratic%,exceeds 2 for any plant? Yes, some trees, 
bushes, etc. 

5« Is ^ the total growth at a constant rate, that is, the same amount each 

day? Doubtful, ' • o 

6» If you had different types^cf seeds, did each type show the same growth 
pattern? Doubtful, * ' 

7, On which day did you first notice any green coloring? Ana>^r will vary. 

8, What does the presence of the green color signify? Answer r The plant <^ 
now contains chlorophyll and is producing food for its own nourishm...**^ 
(photosynthesis). For more detailed explanation check th^ biology or 
bbtany texts; alsp noticS Chapter 3 of' student text, 

weight rather than length for our measures, what \do you think 

Astern 

the J-^ — - r^tio would be for a carrot, potato and pine ^tree'i'^^swer. 
■^-xi*^ * stem ^ ' 

uarrot and potato would probably have a - ^^^^ ratio less than 1, while 

a pine tree, probably greater than 1, 

10, Where! do the 6t^m and root get their nourishment to grow before the 
plant foot is*added? Answer: From the cotyledon,^ 




!$• • ^ 

Sanq^le Test Kems 
^ Chapter 2 



!• The in a meas\irement is 'of 



the smallest unit of measure used in the measurement. Answer: greatest 
p ^ possible error; ~ . . 

^^^^ ^. 



2* If a box is 23]7 in. + w in. in length, ve luiow the measure is between 
f '40 1 ■ 

,y ' inches and _____ inches. Answer: 23g inches ^ 23g inches. 



3. The more precise of two measurements is the one with the 
possible error. Answer: smaller. 

U. . A^d-the following measures: 



, 1.. 

3 H 


± 


1.. 
i5 


13 J" 


± 


1,. 
B 


^" 


+ 


1,. 
32 






W 



0 8 
Answer: 32^ in. + ^ in. 



(A) ^ What would be the smallest possible measure?' Answer: 31^ in. 

(B) What would be the greatest possible measure? Answer: 32^ in. 

5* Subtract the following measures: 

78.7 cm. ' ^ ^ 

- 71*2 c^. Answer*. 7.5 cm. ± .1 cm. 

t 

(a) what would be the smallest possible measure? Answer: 7.^ cpi. 

(B) What would be the greatest possible measure? Answer: J .6 cm. 

$• It Tom is 5^feet 6 inches tall and has a reach of 5 feet 8 inches, 
what is the ratio of his height to his reach? Answer: 1.03 . 

7» Betty measured four books and found the following me^^^es: 



4", 5j', 9|" and 8§" 



(A) What was the total measure? Answer: 29j^" + ^" 

Dave put .the same books on a table and measured them with his steel tape 
that had jj-inch markings. His answer was jO inches.^ ^. 

(B) Could Betty and Dave both have been right? Explain year answer. 
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'^'25 1 
Answer: Yes, Betty .had 2^ in. + ^ in» and Dave had 30 in. in^ 

y Betty •a greatest measure vas 2^ inches and Dave's smallest measure 

vas inches. , ■ , ■ , 

8. In an eighth grade class there are 28 students of vhom l6 are girls • 

(A) What is the ratio of girls to the number in the class? 
h 

' Ansver: y or ,5? 

'(B) What is the ratio of the nxmiber of girls to the n\imber of boys?. 
Ansver : j or 1 . 33 ' 

(C) What is the ratio of boys to the number of students in the class? 
Ansver: ^ or ,43 ■ 

9. If your height is 6U inches and yo^ir shadov is 48 inches long, vhat is 

3 

the ratio of your shadoW to your height?^ Ansver: ^ or .75 
10-* What is the ratio of a 12-inch ruler to a yardstick? Ansver: j or .33 

11. The biological term used in this chapter to explain the 'differences 

\ 

in height, ]^each, and shoe size is _2 ^ . Ansver: 

nattiral variation. 
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Sample Test Items 
Chapter 2 

Graphing ordered pairs 

!♦ Vhich of the folloving sets of numbers- could 
be called an ordered pair? 
. (1, 2, 3'-..), 6.2, 73, (2,5), 35 ±J 

2. If you graphed the ordered pairs (10,1^*) 
ani (1^4,10), vould they represent the 
aaae* point? 

Uhe following question requires a coordinate 
system. \ ^ 

3. Given Fig^w A, plot tJie pairs (10,5'), 
v20,10), (30,15)>* V^0,20). 

V. On Figure A plot points for the 
coordinates (5^^)^ (10,20), 
"(20,U0), 



On Figure B plot the points for th>s 
folloving .ordered pairs. Connect 
the points with line segments in 
order e^a you plot. (0,0), (50,0), 
(55,7), (^0,8), (37,1?), (30,i!),_ 
(25,10), (20,8), (0,8). ^ 



Ansvey 



(2,5) 



No 




-20 30 !*0 50 
Fig. 3 
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LEAF SURFACS AREA AND WATER LOSS; 
AREA, SIGMEEICAOT NUMBERS, SCIENnHC NOTATION 

Tea ch er • 8 Comment a ry 



IhtYoduQtlon 



Since photosynthesis is discussed here^ it might be pertinent to point 
out a fw interesting facts. Light is strongly emphasized (since it is ne- 
I^V c^sary for photosynthesis to take place) ^, However, although the usual source 
^; , of light is the sun, it need not necessarily be sunlight. Many laboratories 
use artificial light for their experiments, but intensitvj^ important. Ordi- 
nary room light Is not usually sufficient. As mentioned? in the teach er^s com- 
W:'. mentary of Chapter 1, photosynthesis is the only source of food for living 
tbiags in the world. P]iotosyntheqis is ilso the source of most of the oxygen 
in the air, thereby providing the oxygen needed for respiration (see Chapter 

5). . 

The writers have deliberately avoided being specific in the number of ' 
titomates per area of leaT surface, because the leaves used will very depending 
on availability. However, if the teacher has access to a microscope, a superb 
•addition to this chapter could be interwoven. See Section 3-8 at the end of 
the Chapter in the teacher commentary. 



w 

is-'- 

pi' ' 



Ansverg t to questions . 

Ko, this will not be an accurate measure of the water loss by the entire 
plant, becau&e any calculations based upon estimates cannot be exact. 



3»2 Activity Leaf Surface and Water Loss . 
K^terlaas - Needed 

Large plastic baga (blanket bags), approximately 2?" X 36", available 
in variety stores. 



Number needed will depend upon the teacher's decision regarding orga-' 
nization of the class • ^ 

This exercise can best be done in teams of three, although it should work 
if only two bags per class are used, each bag covering a different number 
> of leaves,5 ' * - ? 

In a trial ruxi, the authors chose one branch with 36 leaves and another 
with 18 leaves. 165' ml of water was collected from the first; while 
the second yielded 76 ml. This will, of course, be dependent upon the 
factors indicated i'n the text. The teacher should survey the school 
grounds beforehand and carefully select the appropriate tree or trees. 
"Generally, the larger the leaves the hetter the results . (it is possible^ 
that the bags may be disturbed by other students. This activity may he 
done at the student's home.) , ' 

It is alcjo vise to select a fairly yoion^ tree because^ of the mechanics 

of estimating Lhe . number of leaves . This involves counting the leaves in 

a particular cli:ister and estimating how 'many times this site cluster is 
f 

duplicated on the entire tree. It is suggested that the teacher estimate 
the number of leaves on the tree before the activity begins.- 

Procedure 

1. Lateling tags should ^ include Team number (if t^ams are used), cl^ass 
name or numter, number of leaves enclosed, date, and hour of placing 
the bag. Names of team members would be a good idea in case somebody 
"goofs." 

2. Locating branches - see above under materials needed . 

3. Placing the bags: A word of caution here to the students about in- 
jury to the branch would not be out of order. The bag itself will 
not harm the tree m the 2^ hour period of time. 

^ and No CGranent needed. 

6. Reiterating the instructions Chapter 1 recording of data for 
future reference is extr«3mely important. 

7« Some caution is needed here that the tree not be denuded. 



h2 



Closed: curve a.8 discussed in Section 3.3 of the text. 



$|>^ Second Day. ' . " • 

. It is suggested that the student store the collected water pr^^-^rly 
^i'd"'. laljeled xmtil seme concept of vol'jme can be developed. , 



3«3 Simple Closed Curv es 

1. ; Uhderstandings ' >^ » 

(a) Broken-lljie figures such as those we see in statistical graphs^ 
triangles, rectai^les, as well as circles, end figure eights 
are curves 

(b) A simple closed curve in the plane separates the plane into 2 
sets*^- the points in the interior Of the curve' and the points in 
the exterior of the cur'/e. The cur'/e itself is contained in 
neither set (and is itself a third set of joints in the^plane). 

(c) The curve is called the boundary of the interior (or the ex- 
terior) . 

(d) If a point A ,is in the interior of a curve and a point B is 
is in the exterior of the curve^ then the intersection of A3 
and the curve contains at least one elelraent. 

2. Teaching Suggestions 



D^aw some curves on the chalkb-^erd, bringing out the idea thpt we 
call them "curves" and that a segnient is just one kind of curve. 
We. us^ the word "curve" in a special way in mathematics. 

Note that t. simple closed curve separates a ^ plane into two sets and 

that the curve itself is the boundary of the two sees. A^so, that 
any quadrilateral^ p'^rallelogram or rectangle is a simple closed 
curve. Identify scane of the mony curves which are suggested in the 
.room, such as boundary of chalkboard, Lotal boundary of floor sur- 
face, etc. 
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Students may enjoy drawing elaborate curves which may still be clas- 
sified as simple closed curves. 'Encourage their drawing a few simple 
closed curves for a bulletin board exhibit. . 

Area of the Region of a simple -closed curve - (Rectangles) 

In developing the method for ccxnpating areas of rectangles from the 
length and width it is noted that different ways of counting the unit areas 
illustrate the corarai\tative property of multiplication. 

It is hoped that class discussion will bring oux the adyantages of 
having a unit of area which is a closed square region, one unit of length on a 
side. In tl-e case of the illustration of the rectangle C units by 3 units, 
notice the effect of using, as unit of area, a closed square region 1^ units 
on a- side. T^ere is no trouble about covering the closed rectangular region 
with these units as shown below. 



i| (1^ units) 



3 units 





i 

^ — 
























I 











3x6= 18 Lq. units 



6 units 



2 (1~ units) 



U X li X 2 X li = 18 sq. 

units 



However, the namber ol squares in each row is no longer the niamber of linear 
units, in the length (6), and the number of rowr, is no longer the number of 
linear units in the width (3). Thus we would lose the relationship of finding 
the number of square uni cs of area by multiplying the numbers of linear units 
in the length and '»^dth. It certainly would be possible to devise methods 

of computing th-^* number of these new square units of area, but it would also 
be more complicated. 
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Exercise 3-3 

ProtlcfflB are dev^roinental, leading to the method for computing 

area of a closed curve^from the numbers of linear xmits in the length and width 
of rectangles added to an estimate of squares not included in the rectangles. 

Teacher: These aBs approximations. Your students may "be expected to get 
answers close to these "but not necessarily these same answers. 



1. 


.92 




• 1*. 


1.68 




0 


2. 


2.20 




■ 5. 


1.91 






3. 


2'. 56 




6. 


1.96 







Q5xe tracings of the leaf outlines on the students' papers are printed on 

2 ' 2 

10 '5< 10 per in grids. Kence, the answers are in hundredths in 

Obviously there is no attempt made at thlg point to develop the mathe- 
matics necessary for detemlnlng the area of an Irregular closed curve region. 
However, your pupils may l?e Interested to know tiiat there are Instruments which 
can "be run around the boundaries of a simple closed curve and give at once an 
^, approximate value for the area of the closed region. One such instrument is 
the planimeter, an Instrument used by draftsmen and engineers for getting a 
quick approxijLmatlon of iriegalar areas. An important part of the study of cal- 
cul\is, a mathematics course taught at the senior high school or college level, 
is devoted to finding mathemertically the areas of irregular regions to a great 
degree of acjcuracy. 

3.^ Conversion ; Metric - Bbgllsh 

The student usually flnd^ problons dealing with the conversion from metri( 
to English (or the reverse) boring and of no practical use. In this^oirit ve 
have attempted to limit discussion of suph conversions to those areas necessary 
for the solution of the problems without covering all possible cases. Students 

will undoubtedly raise questions about the number of approximatloiis found in . 
these conversions and this may provide an opportunity to discusR the value of 
more precise values in the conversions when the measurements they make are only 



approximations. It should be noted that one unit of English measure, the inch, 
has been defined in terms of the meft:ric system. One inch is exactly equal to 
2,^k cm* Hence any calculations dealing with inches and centimeters may b» 
exact and not approximate. (See Section 3-51 •) Hopefully the correct signs 
-or is are used on all of the conversion tables in the student text* 

^ The studerts are undoubtedly well aware that most of the world uses the 
metric system, England determined to change to the metric system in 1965, 
Canada has partially changed over. Ihe reluctance of the U.S,A is almost 
solely due to the cost of conversion. General Electric alone estinjated a cost 
of $ 200 million ^o' convert from Ehglish to metric, ^ ' 

It seemed most logical to use scienti€4^c nol^ation to emphasize the sim- 
plicity of the relations involved in th^ metric system even though scientific 
notation, as such, is not discussed until Section 3.6, * ^ 

It is the opinion of the writers that the metric system is most meaning- 
ful to the student when learned through usage rather than rote memorization, 
end numerOLis exercises in measurements using metric units ore encouraged. 



^.kl Metric Units of Area 

This section includes information used in determining the area of the 
leaf. From the information given in this section the student should be able to 
construct a conversion table as follows: 

l.in^ = 6U5.I6 mm^ = 6,U5l6 cm^ = O.O6U516 dm^ = O.90O6U516 m' 

These are exact equivalents, not approximates. 

Students should te» instructed to justify the decimal placement in this 
series and cqrapare it with that in the series in the end of Section 3«^« 



Exercise . 3-^1 

1. How many square millimeters are there ir a square centimeter? 

2 2 2 

Answer: t 100 mm or 10 mm 

2. How many square centimeters are there in a square meter? 
Answer: 10,000 cm or 10 cm^ 



Hoir amy iquare millimeters are there in a square meter? 
Ansvcr: 1^000^000 xatt^ or 10^ mm^ 

Dr«w « 3' cm square* Draw also a rectangle whose area is 3 square 
centimeters. . Which' is larger? 



3 cm 




3 cm"^ 



3 cm 



3 cm - * 
Answer: the 3 cm square is larger* 



1 cm 



5- 



6. 



A rug is 2 meters by 3 meters* Find its perimeter and ar^a* 

Answer: 2''''m + 2m + 3m + 3m«10m=» perimeter 

2 

2mX3ni«6m « area 
<^ < 
Ttie floor of a boy*s room is in the shape ot^ rectangle* i The length and 

width are mea^tired as k meters and 3 meters ♦ Tftiere is a closet 1 

meter xwng and i\meter wide built into* one comer. What is the floor 

^aree of the room •'(otttside the closet) ? 



Answer: 



3 m 



Area «(3mxUm) « Im 



11 m 



~ closet 



7» Conversion of leaf outline areas frc^a Ebcercises 3-3 to dm using 
1 in^ » .06U516 dm^ : 



2. - .IU19352 dm^ " .12322556 dm^- 

3. .16516096 dm^ 6. .126!t5136 dm^ 

Individual students* answers for their own leaf outlines. 
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3.5 Volume - Metric Units 

This uait \ises the cubical solid as the metric unit for measuring volume. 
Using this concept as a beginning it is convenient to show the relationship be- 
tween volume and capacity (i.e.^ 1 cc - 1 ml) . 

Again scientific notation is used to show the simplicity of relationship. 
Ttie general property of multi:lying exponents may or may not be ixsed at this 
time. 

# Zeroises 3-^ 

1. Complete each of the following: 

-3 3 3' 

Example: Hiere are (lOOO) or 1,000.000,000 m in 1 km . 

' (a) T!heTe are 10 or 1000 mm in a cc. 

(b) There are (^50*^^ °^ 1,600,000 "^^ ^ 

(c) ^ There are ( ^Soo'^^ 1,000,^, 000 in a 

(d) Tliere are (lO^)^ or 1,000,000,000,000,000,000 m? in a km^. 

2. A rectangular solid has dimensions of 6 cm, 7 cm, and 80 mm. 
Calculate -the volume of t^j interior of this solid. ^ 

3 

Answer: 6 cm X 7 cm x 8 cm = 336 cm v 

Recall tnat the volaitie of the interior of e rectangular solid Is equal to 
the product of the measures of the length, width, and height, when the 
measurements are expressed in the same unit. 

3. vmat is the volume of the interior of a rectangular solid whose height 
is 1^ mm and whose base has an area of. 36.5 sq cm ? 

3 



Answer: 36-5 <^^\ x 1.1* cm « 51-1 cm 
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3^51 Metric UnitB- of Mass and Capccity 

You will notice that without additional comment we have referred to the, 
gram as the unit of mass , not weight, in the metric sjnstem. It was thought 
best not to involve the pupils in a full scale discussion of this point here". 
An adequate treatment of tl^se ideas belongs in e science course. It is like- 
ly,, however, that sane of your pupils will ask questions about this terminology, 
and you will want to know how to answer them correctly, if not in complete der 
tail. Tne following discission Should be adequate for this purpose.^ Should 
you wish more information on the; subject, you might refer to Riysics , Volume I, 
prepared by the Physical Science Study Committee of Educational Services, Inc. 
(This is the first volume of^ the so-ca.lled M.I.T. course for- high school 
physics students.) 

What is the weight* of an object? It is a measurement of the force or 
"pull" of gravity on the object. Aa ordinary bathroan scale measures this 
pull by the amount it stretches or twists, a spring. We think of weight as 
measuring the "quantity of matter" in an cf^r^^t, in some sense. A box of load 
weighs more than the same box filled with feathers because the lead has a 
greater "quantity of matter" packed into the given volume then do feathers.- 
There is another way to measure the "quantity of matter" of an object. This, 
is to compare' the object with seme standard, or unit, body on a balance. If 
we have a feupply of identical objects ca^ed "grams" we can determine the nam-' 
ber of thefee , "grams'* it takes to balance tne box of lead. This number of 
^rams weycall the mass of this much lead. 

These two different ways of measuring "quantity of matter" can be used 
interchangeably, for most purposes in any .one fixed location, but they are not, 
strictly speaking, measurements of the 'same thing. Weight depends on the near- 
ness to the center of the earth. The pull of the earth -.gravity ^ on^the box 
of lead would be much smaller in a space ship as far from the earth as is, say, 
the moon. Th.e weight of th*^ lead would be much smaller there. However, the 
lead would balance the same number of "grams" on the j^pace ship that it bal- 
anced on the earth (tne "grams" would themselves weigh correspondingly less) 
so its mass v/ould be unchanged- To summariiie : 

Weight is the measure of the pull of gravity on an object. It decreases 
as the distance from the object to the center of the earth increases. 

• Mass is a comparison of an object with a set of unit bodies. It does 
not depend on the position in space vhei It- is measured. 



We humans are nomally restricted to a very narrow rang of altitude 
above sea level, 'aHd, with that restriction, we can thii^ of weight and mass 
as having a definite fixed relationship, (it is tempting to predict that as 
ve enter .the space age and are released fron these restrictions, weight and 
mass and the distinctions between then will become subjects, for hoap^hold dis- 
cussion*) In the English system weight iS measured in pounds, mass in slugs. 
An object which has a mass of 1 slog has a weight of approximately 32.2 lbs 
at sea level. The weight in pounds of any object at sea level is approximately 
32<2 times Vt? mass in slugs' The more common unit in this system, of course, 
J.8 the pound. In the metric system, when ma^^ is measured in grams, weight is 
measi^red in 'dynes . An object whose mass is one gram has a wfight of ap^ro^fi- 
mately 98O dynes at sea level. The weight of this same object in the Ihglish 
system would be approximately 0.0022 pounds. As you probably know, the more 
familiar unit in the metric system is the unit of mass, the gram. 

In the text we have Introduced only the more familiar units, pound, and 
gram. .This has made it neT:essary to use both Vords, mass qnd weight. You must 
Judge for'yourself how much of the above discussion of the two ideas you will 
use In your classrocan. If the subject-does come up, however, be sure to make 
one point: both mass and weight can be measured in either of the systems of 
units, English and metric. If you fail to point this out to the pupil, he may 
interpret the disbussion in the text to mean that weight is something measured 
in the BingUsh system and mass something measured in the metric system. 

* -Bie distinction between mass and weight has to be kept clearly in mind 
in speaking of the definition of pound in terns of the metric standard kilogram- 
We say a pound is defined to correspond to 0.^5359237 kilograms - that is, the 
-ound (weight) is th'e weight of a mass of 0^5359237 kilograms. Actually, It 
is quite correct to speak of a (mass) and a lb (weigi.t) so long as the 

distinction is clearly made. Thus, one may, if h^ wishes, writ.e : 
1 lb (mass) = O.U5359237 kg. We shall not do this here. In the un^ridged 
dictionary, however^ a pound is defined.es a unit of mass or of w eight . 

Your classes may be interested in the agreement which went into effects 
cn July 1, 1959, and create! (for th6 first time) an international yard and 
international pound. Tne six English-speaking nations (U.S.A., Unitea iLingdom, 
'Canada, Australia, Union of South Africa, New Ziealand) agreed to standardise, 
as of this date, their definitions of yard and pound. Tne definition of* 
1 in = 2.5U cm dgtes from this agreement and so also does the ab o 



deft&ltlon for theipound. !Ihue^ ve nov have an Intematioual yard equal to 

0. 91.^ meters and an international pound corresponding to O.U5359237 kilogranai 
(i#e., the pound weight corresponds to the weight of « laass of 0.^*5359237 
kilograms). \ Prior to this agreeaent, the U.S. inch « 2.5^*005 cm and the 
British inch « 2.539996' ca> as a result of ehrinkege in t^e British proto- 
type bar* The situation with the pound was even more confus^, since, prior 

1 U.S. Ih « ^^53.592^277 gms, 
1 British lb « '^53*59233 m > 
' 1 Ccnadian lb U53 .59237 gas. 

No agreeaent could be reached for- an international gallon* Henoe, we . 
still have the U^. .gallon defined as 231 cu in and the^ritish Imperial 
gallon « I.2009J* U.S. girllons., ^ ^ 

Although the metrio and the Riglish systens of measure are the major 
systems, your pupils may*be interestjcd in looking in the unabridged dictionary 
under "measure" to see the great ncanber of other measures used in countries 
throughout the world. 

Exercises 3*51 

1. The volume of a Jar is 352=8 cc. What is the>ma9S of the water it can 
coiitain, expressed in: a 

(a) grW? Answer: 352.8 g / 

(b) kilograms? Answer: .3528 kg. 

2. \q) What is the capacity in milliliters of a rectangular tank of volume 

673.5 cc? Answer: 673*5 nil. 

(b) Wliat is its capacity in liters? Answer: .6735 liters 

3. A cubical tank measures 6 feet 9 inches each way and is filled with 
water. (Ho allowance is made for the ap^roxlioate nature of measures.) 

(a) Find its voltae in in^. Answer: 531/.^ in^ A 

(b) Find-' its volume in ft^. Recall tbet 1728 in^ = 1 ft^. ^ 

(c) Find' the Weight of the water- 1 ft*^ of water weighs about 62. U lb. 
Answer: « 19,l88 lb. ^• 
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The dimensions of the tank in Problem 3 aije about 2 meters each way. 

(a) Find its volume in cubic meters. Answer: » 8.8 m^ 

(b) 5^iad its contents in liters* Recall that there are 1000 liters in 
a cubic meter. Answer: » 8,000 / y 

(c) What is the mass of the voter? Recall the 1 liter of water has a 
mass of 1 kilogram. Answer: ^ 8,000 kg 

How did the time needed to solve Problem h ccinpare with the time needed 

to solve Problem 3? Vhat is the main advantage of compiling in the metric 

system? Answer: (a) Less time for Problem -U (b) Ttie decimal 

relationship of units. 

A tank has a volume of 2500 cc. 

(a) What is the capacity of the tank in millimeters? Answer: 2500 ml 

(b) How many kilograms of 'water will the tank hoVd'V Answer: 2-5 kg 
•(c) How metric tons of water will the tank hold? Answer: .0025 metric 

tons 



A cubical box has edges of length 30 cm. 

(a) What is the volume of the box in cc? 
Answer: 27;000 cc or ,2.7 x 10 cc 

(b) What is the capacity in liters? 

^ Answer: 27 £ or 2.7 x 10^ . 

(c) How many kilograms of water will the box hold? 
Answe-: '27 . Kg or 2-7x10 kg ^ 
(assume that it is watertight, of coarse) 

""The volume of the s.un is estimated to be about 357^000 million million 
cubic miles or 3-37 x 10"^' ou miles- 

(a) Using the fact that 1 mile ^ 1.6 kilometers, express the volume 

of the sun in cable kilometers. (Simply indicate multiplications in 

17 3 3 

your answer ^* you wish.) Answer: 3-37 X 10 x (I.6) km 

(b) Express the son^s volume in cc, leaving your answer in the form of 
an indicated raultiplication. 

A^^, 5 ^7 y 10^'^ X 1.6^ X 10"^^oc ^ ^,.37 X 1.6" X 10^^ cc 
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Ihe British Imperial gallon; used in Canada and Great Britain, is equiva- 
lent to 1.2009^' U.S. gallons, or, 

i British Imperial g^. ^ 1.2 U.S. gal. 

(a) When you buy 5 "gallons" of gasoline in Canada, how many U.S. gal- 
lons do yrji receive? Answer: « 6 U.S^ gallons 

(b) How many Imperial gallons are required to fill a barrel which holds 
72 U.S\ gallon^? Answer: » 6o Imperial gallons 



3-6 Scientific Notation - . • 

Definition: "A nianber is said to be expressed in scientific notation If 
it is bitten As 'the product of a decimal numeral between 1 >rnd 10 and the 
proper «ower of 10. ^If the number is a p*)wer of 10, the first facior is 1 
end need not be written." This definition may well need some explanfttioh end 
many examples . A student may forget and think of numbers between 1 and 10 
es only incfSS^fig the counting numbi^rs. Rcsnind him that 1.1 is greater than 
1 and can be used in scientific notation. * ^ 

Exponential notation may need to be reviewed. Practice in changing^many 
^large numbers into scientific notation will help all of the students. 



Exercise 



1. (a) Is 1^ >j 10" scientific notation? Why, or why not? 

An^*j^2*T^ Ho, because I^ is not between 1 and 10. 
' (b) Is 3.^ X id' scientifi? notation? Why, or why n^t? 
Answer: Yes, 1"/ fits the definition. • 
(c) Is 0.12 X 10^ scientific notation? Why, or why not? 
Answer: Ko, bece.iGe 0«12 is not between 1 end 10, 

2. Write the f<l)l lowing in scioni:lfrc notation; 
(aX 5687 Answer: J .68? x 10^ 

(b) , 1^ Ai.sver: 1 x :0 

/ % ' 1 6 

(c) 3~ million Answer: X 



> 



(d) - li'y' Answer: 1-3' x lO" 

(e) till, 6^0 Ansver: l.+Sf x lo'' 



(f) 35iO0O,OO0,OOO Ansver: 3-5 X 10^^ 
{g) 7| billion AnsVer: 7-5 X 10^ 

(h) The product of 50 and 70 Answer: 3-5 X 10" 
Write the follcvinfi In decimal notatiori: 



(a) 


3-7 X 10^ 




3,700,000 


Cb) 


't.7 X 10^ 


Answer: 


U70,000 


(c) 


5.721 X 10^ 


Answer: 


721, 000 


(d) 


2.25 X 10^ 


Answer: 


22,500,000 


(e) 


2.3 X 10^ 


Answer: 


280,000,000 


(f) 


.653 X 10^° 


Answer: 


6,530,000^000 


\a] 




Answer: 


y 

lU7,500 


(h) 


36.2 X 10^ 


Answer: 


36,260 


(i) 


386 X 10^ 


Answer: 


, 38,600,000 


b) 


.0U6 X 10'^ 


Answer: 


ii6o,ooo 




6.821 X 10^ 


Answer: 


6,821 


(1) 


.0038 X 10^ 


Answer: 


3.8 ^ 



Since the earth does not travel^n a circular path, the distance from th,e 
earth to the son varies with the ^ime of the year. The average distance 
has been calculated to be about 93,000,000 miles . 
(d) Write the above number in scientific notation. The smallest" distanc* 

from the earth to the sun would be about 1^ per cent less than the 

'1 

average; the largest distance would be about 1^ per cent more 
than average. 

7 

Answer: 9-3 ^ 10 niles 
fb) Find 1^ per cent of 93,000,000. ^ ' ^ 
Answer: 1,395,000 or 1.395 X 10 

(c) Find approximately the smallest distance fron earth to sun, 

7 

Ansv^^: 91,605,000 mi*les or 9.I605 X lO' hdies 

(d) Find approximately the largest distance from ear^h to son.' 
Answer: 9^,395,000 miles \ 9.^^95 X 10*^ miler 



Socio of the more thoughtful stadents may worder why we do not vrite 93 

6 * 

miliioa; foi* instance, as 93 X 10 wi*ere the exponent is used to indicate the 
number of zeros in the numeral. . There is no point in trying to hide the fact 
that in iaany ^ases this is ^eall>' a little simpler, and there is no reason to 
try to prevent students from csing it. But two things should be made clear: 
in the first place, this is the notat^^n whicn the scientists use; and, second, 
in the oae of logarithms and the slide rule, the scientific notation is certain- 
ly much more con/enient to work with. The ease of making "order-of -magnitude" 
es^xniBLes rfnen tne numoers ere expressed xn scieni^iric no^a^ion is pernaps 
worth aention^:^ also. A good discussion of orders of magnitude may be found 
In the PSSC Physics text published by D.C. Heath and Company. 

3.7 Signifi cant Digits 

The illustration problem, under this section is to emphasize the need for 
soroe control on the numbers of digits used in a copputation. Students are 
trained through many years of mathematics, that all digits are important and 
needed. For exaniple, 17932 X IU57 = 2612692^^4- U the dibits are all sJ.gnifi- 
cant and not measures or computations taken from other measures. 

It is very importsnt for the student to aevelop an appreciation o*f the 
circijmstances which warrant extreme accuracy and also when accuracy is less iin- 
poitant. The circumference of a circle found by moving a straight ruler around 
the perimeter, and then using this measurement divided h^, 3.1^15 to find the 
'diameter, :rrect"'to 1 / 10,000 of an inch, would be ^i^iculous* 

Scane concepts usually contained in a unit on significant digits were not 
included, not because they were unimportant but because they did not relate di- 
rectly to the biMogical experiment. B- sure the student has an opportunity 
later when circumstances peimit to have an exposure to relative error, percent, 
of ^rror^ and accuracy. 

Continually ranind the students that all measuretnents are approximate 
regardless of the instruments used. We can refine the measurement, we can re- 
duce the possible errcr, and vre can increase the precision, but e are still 
approximating. 

Any study on th*a proper use of significant digits always seems t<^ have 
some discrepancies. To further complicate it, 'different texts and math lec- 
tures give different definitions for significant digits and their use. What 
ve can do in this study is just to agree with the students to see the need 
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for scaLe control &nd to be consistent in some set of "rules/* Other rules have 
been tried and thej "^11 seem to have as many profclens as these proposed. Don't 
suggest the difficulties to the students but be sure and v/ork with the student 
•vhen and if they arrive. 

Computations on approximate measurements cannot increase the accuracy. 
IDie measurement' 526^+ inches is not as precise as the measurement Ip inches 
because the second measurenent is to the nearest inch; a smaller unit. The 
measurement 375 feet is more precise than the measurement 2 yards "because 
the first measurement Is in the smalley units. 

It- is possible that a measurement of 1950 feet might be ^significant 
to four places, if the measurement was to ^he nearest foot and not the nearest 
10 feet as it seems to indicate. In thi^ case a small bar may be placed under 
the zero to indicate that it is to be includ#i in the number of significant ^ 
digits. This b^^is not a vinculum \riiich is a straight bar placed over quan- 
tities to indicate the same operation as parentheses, brackets, or braces. 



Exercise 5^ 



(1) 

(2) 

(3) 

(6) 
(7) 
(8) 
(9) 
(10) 



8 

.01 

3.32 

3000 

36.70 
6700 
23.000 

620.03 
.0028 



J.F.F. If e bottle and its c^rk jost two and a half cents, and the bottle 
f ' alone costs two cents more tnan th^ cork, what is the cost of the cork? 
Answer: / Let X - cost of the cork; the.n X + 2 = 

cost of bottle 
Therefor*^, X + (X + 2 / ) = total cost or 2.5 
2X 2 ^ - ?.5 / ' 
2X = .5 / 



cost of cork 



ierJc 
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3.71 Multiplying and Dividing Measurements 

This section emphasi^ies the need for some control .of numbers found in 
measuraaentfi. Reasonableness most be used by the students. The guide for mul- 
tiplying measures suggests that the product of tvo numbers should not contain 
more significant digits than the number of significant digits in the less ac- 
curate factor. 

Some students ;may veil suggest ^ "If I measiire a width of a section in 
tenths of an inch, why cannot the area be correct to tenths of an inchV* Let's 
'try one. * ' - ^ • ^ . • ; 

width: 50.6 " length: 70.3 " area: 1 

If we multiply 50.6" X 70.3" ve have 3557-18 sq in or to the 
nearest tenth* 'iyyi*^ sq in. This seems reasonable but - 
using our information of G.P.E., we have 

(50.6 t ^) (T0.3l2^) = 
(50.6 + .05) (70.3 + .05) = maximum area of 3563+ sq in 
(50.6 - .05) (70.3 - .'05) = minimum area of 35'^!+ sq in 

^12 sq iii difference which is a long way from the scant tenth of a inch. 
~ " eveilly spread out along 70" is a lot of area. 

Be* sure when two factors have an unequal number of significant digits 
that the rounding off oVthe greater one is done before the multiplication is 
done. Then the product also must be rounded off to the same number of signifi- 
cant digits as the factor having the lee^t number of slgniilcant digits. 

Exercise 3-718 

1. Multiply the following approximate' numbers: 

(a) U.l X 36.9 . Answer: 150 

(b) 3.6 X if 673 Answer: 17,000 

(c) 3.76 X (2.9 X 10^) Answer: 11 X 10^ or 1,1 X 10^ 



in scientific notation 



Divide the following approximate numbers: 

(a) 3.632 -f 0.83 . Answer: ^.^^ 

(b) 0.0003ifi* ■^ 0.000301 Answer: l.H* 

(c) {l.lh X 10^) + 8,006 Answer: 3-92 X 1(P 
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3. Suppose a ]^eetangle is 2^ 'inches -long end 1^ inches vide. Make a 
draidng of the rectangle. Show on the drawing that the length is 

( 2| ± ."^ ) inches and the width ( - ^ ^ inches. Find the 

largest area possible and the smallest area possible, and find the 
difference or uncertain part. Find the area using the measured diaen- 
sions> and find the results to the nearest ^ square inch. 



sq in 



Answer: 
Largest area 

Smallest area= 2^ sq in 

Difference - 2 sq in 
Area is ( 3^ sq in) or 
h sq in (to the 
nearest sq in) 



If in. < 




Find the area of a rectangular field which is 835 -5 rods long and 
305 rods wide. 



5 2 
Answer: 2.55 X 10 rods 



The circumference of a circle is stated C = ,Ttd, in which d is the 
diameter of the circle. If n is given as 3-1^1593, find the circum- 
ferences of circles whose diameters have the following measurements: 

(a) 3.5 "in Answer: 11 in 

(b) ii6.36 ft Answer: 1^^5*6 ft 

(c) 6 miles Answer: 20 miles 

A machine stamps out parts. each weighing 0.625 lb. Kov much weight is 
there in 75 of .these parts? Answer:- ^6.9 lbs * 



7. Assuming that water './eighs about 62. i*- lb per cu ft^ what is the 
volume of 15^610 lbs of water? Answer: 250 ft 
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?*F# , 8ttppo»e the distance around the equator is 25>000 miles and that the 
Burface is quite smooth and circular in section. If a steel band made 
to fit tightly around it is then cut, and a piece eighteen feet long 
velded into it; "^hov loose vlll the ring "be? In other vorde, vhat will^ 
be the sir;e of the gaps all around between the inside, of the ring and 
the earth's surface? Could you slip a piece of paper under iti Crawl 
under it ?^ 

I Answer: ^proximately 3* above the earth all the way around* 

r 

' One solution C = nd or — = d 

jt 

d 

25 000 

Substitute the values: miles = diameter of the earth 

gp^OOO miles + l8 ft ^ ^jiameter of the ring with addition ' 

23»000 miles ^ l8 ft . ^ . 
+ = diameter of the ring 

.1 \ 

(dia. of earth) + (6 ft) = diameter of the' ring 

The ring would be approximately 3' above the earth if 

evenly spaced. 

Exercises ^-71b 

Tajce the leaf outline areas from Problem 1, Eicercise 3-^1 vhich you ccn- 

/ 



verted to dm units and round them off to the correct number of signifi* 



cant digits. 

Answers: . . p % r^ 2 

(1) .059 dm (^0 -108 dm"^ 

(2) .1U2 dm^ (5) -123 dm^ 

(3) .165 dm^ (6) .126 dm^ 

If the leaf outline enclosed approximately I80 squares on a graph paper 

with ^ inch squares > calculate its area in square decimeters.' 

. 180 > ^ ,T ,2 

Answer : ^ 11 in 

Answer with two significant digits = 11 X .065 .72 dm 

•I 

(a) If the approximate area of a leaf were 210 quarter inch squares 

what would be the area in square decent. "-era? 
2 

Answer: I55 dm 

(b) Express the answer to (a) in square centimeters. 

2 

Answer: 2S 85 cm 
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(c) Express the answer to (a) in square millimeters* 
Ansver: ^ 85OO mm 

If a leaf were outlined on graph paper, with ^ inch squares end the ap- 

proximate area was computed at 85 squares, what would be the approxi- 

2 

mate area in. square decimeters? Answer: % I.38 dm 

5- •Riese answers are dependent on the students* individual leaf outlines. 

Exercise 3'71c 

In this exercise students, are given step-by-step instructions for finding 
the theoretical amount of water transpired by the tree(s) selected for the 
experiment. The calculation is based on the theoretical average of 9«6 g/gm 
of water transpired in a 2k hour period. Next the students are instructed to 
calculate the actual transpiration for a 2h hr\xr period and the calculation 
is based on the ineasurements made by the students. 

When comparing their answers (line 10 to line 5) they will probably 
find a difference. To account for any difference they will have to recall the 
discussion earlier \n this 'chapter that explains sane of the factors relating 
to ti^anspi ration. The main factors that affect transpiration are (l) amount 
of water in the soil, (2) the te-nperature, and' {3) the amount of light 
(sunlight) that strikes the tree in the 2h hour period. 

Exercise 3 -7 Id 

A young* (2 year) .mulberry tree was found to have approximately ^ hOO 

leaves with an average surface area of 1.3 square decimeters. One reference 

gives the average number of stoma tes per cm (lower side only) on mulberry 

leaves as U8,000. Let us assume that this tree has an average watei: loss of 
2 

.5 grams per dm per hour. Solve the following. (Express answers in scien- 
tific notation.) 

1. The number of stoma tes per dm . Answer: ^ 4.0 X 10 stoma tep 

2. The number of stanates per average leaf. 

Answer: ^^.8 x 10^ X I.3 ^ 6.2 X 10^ stomates 

3. The approximate number of stomates on the tree. 

6 ' 8 ^ 

Answer: 6.2 X 10 X 1*00 « 2.5 X 10 si .mtes -Q 
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U- Tne water loss per <\ay from an awrage leaf. 
•Answer: -5 x 1-3 X 2^4 » 15. 6' g 
The water loss per dtiy by the- tree. 
Answer: 15.6 X hoo ^ 62UO or 6.2^^ X 10"^ g 

6. Tlie water loss per year (3o5 days) by the tree '(in gre»©). 
Answer: 6.2h X 10^. X 3.65 X 10^ 2.28 X 10^ g 

7. Ihe number of liters of w^ter lost by the tree in one year. 
Answer: Assume 1 ml weighs 1 g. Then: 

2.28 X 10^ g = 2,28 X 10^ Ai = 2280 i 

8. The number of gallons of water lost by the tree in one yee^ . 
Answer: 1 gal 3-785 liters; therefore: 

f y , ^ 602 gal 
. . , .3/f85 £ / gal 

A 

3.8 An Optional Activity Counting Stomates 

If the teacher has a microscope available, the follovjng technique could 
be most effectively used. Uxe area of -the field of the microscope can be read- 
ily estimated ly placing a transparent metric ruler on the stage and jrxanipu- 
lating'untii the' approximate center of a mm mark' is at the edge cf the field, 
then estimating the position of tne opposite edge ci the field- Most commonly 
used microscopes (Spencer or Bausch and U>mh) usually rrieasure 1.5 ^ [l^OO 
microns) at 100 magnification. B> counting the number of stonates ^luded 
in this area, the student should be able to estimate the actual total .n^jmber of 
stomates on his leaf, and use thj& figure in his calc-ulations, instead of the 
average given. 

Another thing which could be done v ild be a further ce\cuI»tion of the 
actual amount of water per stomate transpired by the leaves Irxluded In the 
plastic.bag. This is an excellent opportunity for further .we of scientific 
notation, since amounts might yell range in the region cf 10 ^ to 10 

Materials 

Microscope 

Sijde r ^ 

, C ;ver s 15 p 

Leaf from the tree being s-tudied 



C 
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A leaf i8 opaque, and since light must be passed through any object ^ 
being studied by the usual light microscope, therefore a thin, transparent 
plecje of the tissue must be obtained. , 

Procedure 

. Place a drop, of water in the center of the slide. 
When one tears a leaf, usually one finds a very thin, transparent layer 
of tissue extending froa the main body of the underside of the leaf. 
This need not be more than two mm on a side for use here. 

^ Pl^ce this piece of epidemis in the drop of water on the slide. 
Tilt the cover at an angle over tjhe drop of , water and allow it to^ 
"f^all" on the drop of water. The tissue is n6w ready for examination.. 
The stcmates will appear as tiny '*raouthsJ' (Two semi-circular cel^s 
will be Joined at both ends, resembUng lips, with an opaning between.) 





/ 


.Sample Test Items 






Matching 






t 




ans • 








■ 1. 




produced by photosynthesis 


(a) 


photosynthesis 


2. 


(h) 


means 1,000, CXX) 


M 


petioie . 


3. 


(i) 


ten meters 




chlorophyll 


h. 


(s) 


connects stem to root in bean plants 


(d) 


sugar 


5- 


(c) 


green pigment in plants 


(e) 


transpiration 


6. 


(t) 


stem of a leaf 


(f) 


stora^^s 


7. 


ii) 


1 

'""^^^ 1,000,000 


(g) 


hypocotyl 


8. 


(a) 


must have chlorophyll and light 


(h) 


mega 


9. 


(e) 


loss of wat^r by a plant 


(i) 


dekaraeter 


10. 


•(f) 


openings in the leaves 


(J) 


micro 
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A small tree has approximately 5000 leaves with an 'average surface 
area of 2.8 square decimeters. The average number of stomates per square 
centimeter on leaves of this tree is 20,000. Answer the following questions 
if the tree has an average water loss of * -3 grams per dm^ per hour. (Give 



^ answers ,iiv' scientific notation.) 



Answers 



1. 
2« 

3;- 

h\ 

5- 

6. 

7- 
8. 



IDie number of stomates per dm . ,^ 
toe number of stomates per average leaf. ^ } 
The approximate number of stonates on the tr^e. 
Ihe water loss per day from an average leaf. 
Utie water loss per day by the tree. 
The water loss per year (365 days) by the tree 
(in grams). 

The number of liters of water lost by the tree 
in one year (lOOO grams = 1 liter). 
The number of gallons of water lost by the tree 
in one year (l gal 3-785 i) 



2 X 10 



5.6 X 10 



3. ' 2.8 X 10 



10 



grams 



5. , If .2 X 10"^ grams 

6. ^1>^?3 X 10 grams 

.3 



7. 1.333 X 10 

8. U05.OI9 gal 
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* If the simple closed carve shown above were dravm on graph paper 
(k squaVes to the inch), what would I ae area of its interior? 



fig f m 



Changing metric measures 



Answers 



1. — meter is 

2. 1 meter is 

3. 1 gram is . 

h. 385 millimeter's is 

5. '31 dekameters is 



decimeters . 
centimeters . 
milligrams . 

■ meters . 

centimeters . 



100 



1000 



■385 



^1000 
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1. If one inch'ip defined' as exactly equal to can, 

2 

what is the exact metric equivalent of 1 in ? 

2. How many square centimeters are in one square meter? 
3' There are 1,CXX),CXX) mm in ojie square meter. Ex- 
press the number in exponential form and in terns 

of a meter . 

What is the area in meters of the following 

diagram?' ^ 
^ 8m"^ 



2 m 



3 m 



10,CXX) cm 



10 m or — r m 

10^ 



22 m 



'5' The area of a large sycamore leaf is 270 cm . 

2 

Express this area in dm . «v 
6. *A rectangular solid has dimensions of 5 cm, 
50 cm, and 500 cm. What is the volume in 
cm^ ? 

A rectangular solid has dimensions Qf 70 mm, 

3 



6.5 cm, i 1.7 dm- What- is the volume in m ? 
What is the mass in grams of the water contained 
in a jar which will .hold 96^1.5 cc? 

9. Which weighs the most: 57 grams of water or 
57 grams of lead? 

10. Which has the greater mass: 135 milliliters of 
^ gasoline or 135 milliliters of gold? 

11. Is 13 X io'^ a number expressed ia scientific 
notation? 

12.S Write the equiv2lent of 59-^^00 m scientific 
notation. 

13. Express the distance to the moon (238,000 miles) 

ih scientific notation. 
lU. Express the distance of a round trip flight to Mars 

in scientific notation (assume straight lines and 

enter Mars at its closest position to earth : 

3i+;600,000 miles). 



2.70 dm 



125^000 cm-^ 



.00007735 



96U.5 ^. 



same 



P>old 



No 



5.9^ X 10 



2.38 X 10^ miles 



6.9 X 10 mxles 



15 • If a rocket ship could travel at the average 
speed of 25,000 miles per hour, hov long 
' would it take it to make a Voimd trip to Venus? ^ , 
(Assume Venus is 26,000,000 miles from Earth 0 
Give answer in tei:iis of hours and'i:n scientific 

notation. * 2.08 X 10^ hrs 



.6 



16. Express 2.93 X 10 in decimal notation. 2^930,000 

17' (a) How maiiy significant digits are there 

2973?, ' V ^ 

(h) How many significant digits in .OO38? 2 

(c) How many significant digits in 900. 5? H 

(d) How many significant digits in 9*^-00? ^ 

(e) How man>' significant digits in 0.003? 1 

(f) How many significant digits in 9*^00 ? 3 



18. U.l and 61.37 are approximate numbers. 
Using our rules for multiplying approximate 
numbers, find the answer and express in the 
correct number of significant digits. 2^0 



19. Let. n 3.1U16 . Find the circumference 
of « circle with a diameter of 2 ft. Give 
the answer in the correct number of ^signifi- 
cant digits. 6.2 ft 
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f Chapter U 

MJSCLE FATIGUE: PEBCEOT; ME^H, MEDIAN AND MODE; 
INFORMAL EXTRAPOLATION; HISTOGRAM 

Teacher* 8 Coflmentary * 



I ntroduction 

A very brief introductory statement on muscle fatigue is used as a 
remitider of^a fact that.student§ will be well aware of. ^ Khat they may not- be 
30 avare,of is the fdct that a simple exercise using only ana muscles, done 
under' the instructions as given, can rapidly tire the muscles used. Let 
the students "discover" this. 



U.2 Counting vs . Measurement 

The teacher might well think of other examples to emphasize the differ- 
ence between counting and measuring . Some excellent and historic examples 
are described in SMSG's l ^thematics for Junior High School , Volume 1, Part 1, 
^ages 21 and 6?. 



^•3 Activity 1 - Muscle Fatigue 

A watch or clock with a second hand is necessary for tiniing purposes. 

It is most important^ that the students be cautione<' to foll6w instructions 
exactly. Touching the table and the palm of the hand with the finger tips 
every time is essential. S8me good-natured policing will undoubtedly ^be 
necessary. (It was, necessary'' even among adults!) 

If a student shows an increase in number per 30 seconds, he is not doing 
it properly. ^ - . ' * 

Be. sure ^he instructions are thoroughly prereed and that the students 
understand the activity before beginning. ^ 

The rest period should not allow complete "recoveiy", so the fourth time 
pferiod should read higher than the third but not^s high as the first. 
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Jhe muscles fatJgued need not be identified by name. They should, 
however, -'be Identifiable by location in the arm. M'iscles on the anterior, 
(palm) side of the forearm should be noticeably, tired from closing the fingers 
vhlle those on the back of 'the arm are used to open the fingers* 'However, 
during trial runs, noticeable fatigue was felt up to the shoulder, indicating 
that a number of muscles are^nvolved. ^ 



^.U How d^muscles work ? 

Answers to quections; / 

* » < I 

If both ends of a nruscle were attached to one bcrre, no motion could take 

place unless the strength were so great that ,the bone x^s broken. Muscles 

cannot "push". They can only contract, then relax', thereby allowing the 

opposing muscle to len^rthen them again. 

Flexing (bending) the elbow is done bythe biceps muscle in the fiont of 
the upper arm. Its points of attachment are at the upper end of the humerus 
(upper arm bone) and Just b,elow the elbow on the upper end of the radius (one 



of the two lower arm bones). ExtendiVig the elbow is accomplished by the ' 
trlccrps muscle at the back of the upper arm. Its points of attachment are 
the shouliier blade and the ulna {thq^^ther lowe^r arm bone). ^ 

^ * Heart muscles ere net discussed heg^e because of £]gaoe. Food and oxygen 
are carried to the cells by the blood stream, and wastes are removed also by 
the blood stream* 

It is hoped that the students can reason the above answers from their 
expe2:J.ences. This inquiry (discovery) technique/ the writers feel, is most 
important in the encouragement of ' logical reason^i^. ' , 



^.^1 Interpreting Data 

The graphs constructed from the sample data show a definite fatigue in 
muscles and a slight recovery with rest. The students' graphs will vary 
considerable". If the exercise was done correctly^ fatig'.xc will show and 
probably recovery will net. You vill notice that the size and apparent 

r 

strength of the student dii not necessari ly /^orrela'.e with the data and 
graph. Some girls may "outdo" the class athletes. 
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4.5 Percent 

Tlie concepts of ^ercent are introduced briefly. The meaning cf percent 

X * 1 

is based on the Idea that- "x^t" means Jqq r ^ ^ loO ' '-^'^^ sclu- 

tions of all problems are set up in the for^i: 

a X 
b IOC ' 

The method of solving for x should be the -method that the pupi 1 understands . 
Pi'pils should be encouraged to use any method they understand. 

. In the example. of the class of li^Sgir^s and 1^ boys, the\fracticn ^qq 

indicates percent easily because the denominator is 100. The sum of 

~ and ^ is 1. The sum of the ratios and is -1, and the 

sum of hki^ And 5*6?t is 100* or 1. ^ ' 

In the proportion — . _ ^ — = _ = — , c = ^8, d = ^.2, 

c = 70, f ^ 81.. _ ^ ^ 

Exercise U 

1. Write each of the following numbers as a percent. 

(A) I (D) i (G) i ^. (J) I . 



(B) i (E) I \ (H) ^ (K) 



(C) f (F) I- V (I) V (L) 



r 

5 
2 
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Answers 

(A) ^0% (D) ;^Oif (G).i50^ (Jj ImO;. 

^B) 2^)< (E) :.0< (H) 100^ (K) 125- 

(C) m .y) t>Oi (I) lOQ^ (L) Jt?0;^, 

Consider th*^ ' Icwi:.^ ^roup of students. 

S':udent Hair C lor 
4 

Wi lUaqs^ i 1^ nd 

*4a2y r . rid 

:K't,v/ Lr. ^T. 

rcY ' J 1" r.d 

Lor. ' I* 

^ Mar<.:are!. :*a 
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(a) What percent lare boys? 605t 

(B) )flhat percent are blonds? 305^ 

\ (C) What' percent are redheads? 20^ 

\ (D) i^hat percent are not redheads? 805t 

\(E) Wiiat percent are browh-haired girls? 20^ 

(T) What percent are redheaded boys? 10^ 

J.F.F! a man bough*" a, radio for p^O, sold it for $60, purchased' it hack 

fcr.^yo, and finally sold it for $90, How much money did he gain or / 
lose on the conrpletV treuisaction? 

Ani&ver: Cost $U0 +^70 = $110. Income* $6o + $90 = $150. Difference' 
$40 profif . \ ^ 

. .'V - 

4 .51 Applications of Percent\ - Increase and Decrease 

Solutions to percent are \^ased 6n the fact: 

if ^\ = , then ad =5 be. 
D a 

(Multiply both sides by bd and reduce.) It may be necessary in some classes 
to review this. Tf the students discover valid short cuts for themselves, 
they should be encouraged to use them if they xinderstand what they are doing. 
A little space is given to checking by estimation. Some teachers may want 
to stress these f norther. 

Exercise 4-^1 
Applications of Percent - Increase and Decrease 

1. A JurAor Mgh school mathematics teacher had 176 pupils in his classes. 
The semester grades oj^ the pupils were 20 A*3, 37 B's, 65 C*s, kO D's, 
Ih F*s. Find, to the nearest tenth percent, the percent of grades that 
were A's, the percent that were B*s, and so on. 

(A) A = LlM (C) -C = 36.9^^ (E) F = 8.0^ 

(B) B = 21.0^ (D) D r= 22.7?t 

Wliat is the sum of the answers in parts (a), (B), (C)., (d), and (E)? 
Axiswer: lOO^t. Does the sum help to check the answers? Yes. The 
sum of percents must add up to 100. 

2, Bob's weight increasr^d during the school year from 72 pounds to 8I 
pounds. What was the percent of increase? Answer: 12^. 
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3* During the^^^arae year, Bob's mother reduced her veigh|t from 1^0 pounds 
to 126 pounds. What was the percent of decrease? Answer: lOf?. 

k. On the first of September John's mother veighei 130 pounds. During the 
next four moi\ths she decreased her weight by 15/^>. However, during the 
first four months of the next year, her weight increased 15^. What 
did she weigh on the first of May? Did the answer come out as Vou 
expected? * ' 1 

Answer: A little over 12? pounds. »One should expec"-. this, since the 
15^t which is added is computed* 6n a smaller amount thar the 15?? which 
is subtra<>ted. 

130 pounds X S5 = 110.5 pounds 110. 5 x 1'.15 = 127.05 pounds 

127 pounds 



h.6 Mean - Median - Mode Measures of Central Tendency 

This section introduces the concept of average or' arithmetic mean to 
* point out a problem often associated with tables of data that contain a large 
nuid[>er of items. Many scientific experiments require data from a large num- 
ber of trials and then the finding of an average to represent the data of all 
the trials. Median and mode are briefly discussed as a logical follow-up of 
the discussion of mean. " ■ 

Exercise ^-6 

1. Find the mode of the following list of chapter test scores: 

7$, ?^ 85, 31, Ih, 85, 91, 87, 69, 85, 83> Answer: 85 

2. From the scores in Problem 1, find the 

(A) Mea| (^-83) (B) Median (85) 

3. The following annual salaries were received by a group of ten employees: 

P.,06q; $6,000; $12,500; $5,000; $7,000; 

$5,500; $i*,500; $ 5,000; $6,500; ' $5,000. 

(A) Find the mean of the data. Answer: '$6,100. 

(B) How many salaries are greater than the mean? Answer: 3- 

(C) How many salaries are less, than the mean? Answer: 7. 

(D) Does the mean seem to be a fair way to describe the typical salary 
for these employees? Answer: No! The mean is larger th^n such 

a large perc-entage of the salaries. 

■ ' n \^ 

D If ' > ^ ' 



^(E) Hnd the median of the set of data. ^ 

Answer: 0,000 ^5,^00 ^5^350 

(F) . Does the median seem t?J be a fair average to use for this data? 
Answer: Median is better than mean, since the mean gives the 
impression that the salaries are higher than they are. 

Folloving are the temperatures in degrees Fahrenheit^ at 6 p.m. for a 
two-week period in a certain city: h7 , 68, 58, 80, h2, k3, 68, 
^ Ih, 1+3, ^6, k8, 76, k8, 50. ' 

Find the (a) Mean^ (B) Median. 

Answer: Mean = ^6.g ; Median = h^. 



Informal Extrapolation 



Mathematical extrapolation of values can be rather sophisticated. The 
intent in this section is to very informal. The "idea" of extrapolation is 
to be introduced, not the Involved mathematics. Ripils of ten "pro ject or 
extrapo-.ate their mathematical ideas. Students also often interpolate and 
may ask about the difference between ir.'^'erpolation and extrapolation. The 
difference between the two is: inter - polatioji is a process of finding 
values inside the range of the function, while extra - polation is the process 
of finding Valines- greater than^or less than the known values of the function. 

The first example in the student text sfts up the feeling of a sequence. 



\ 

1st fibor 
2nd floor 
3rd floor 
hth floor 
8th floor 
150th floor 



V 
15' 

25,' 

11' 
3j^95 ' 



diff. of 10< 
diff. of 10 » 
diff. of 10» 
h times 10 » 
lh2 ti'-«s 10' 



(2 X 10) - 5 
(3 10) - 5 

(4 X io) - 5 
(8 X lb) - 5 
(150 X 10) - 5 



The series 2, k, 6, a^ 8 would give a sixth term of 12. If a track- 
man could run 



T 

. IOC yards in 10 seconds 

200^ yards in 22 seconds 

300 yai^s In 36 secjonds 

UOO yards in 52 seconds 

500 yards in 70 | seconds 

600 yards in 90 seconds 



diff. of 12 sec. 

diff. of Ih sec. 

diff. of 16 sec. 

diff. pf 18 sec. 

diff. of 20 sec. 



diff. of 

diff. of 

diff. of 

diff. of 



sec . 
sec . 
sec . 
sec . 




Hie wirning pertaining to too little data for extrapolation is important, 

Uainig two terms, such aB 2 and k, is dangerous. Two such terms can lead , to 

i.. . 

all kinds of third- terms. 

The use of the log tables was just to illustrate that extrapolation can 
at times be involved and might lead to misconceptions. The log oi 600 is 
2,778i5. 

Chapter 5> Section 5.6, covers the subject of extrapolation and inter- 
-polation more completely. 

^ 4 Zeroise h-^T^ ' 

Solutions to Problems 1 through 12 in this exercise are based on data 
in the student's tables (Table i^-Sa), and answers will vary. 

^13. What does yoxu* graph illustrate as an answer to our original questi^on, 
^"Boes exercise 'cause fatigue and does one recover quickly?" 

nswer: Tlie graph should show that exercise does caUse fatigue and 
rest gives some recovery. 

Did you "recover" fully,,in the 30-second'rest period? 
Answer: Most of the students should not recover fully (achieve the sane 
number in the fourth time period as in the first) if they did xhe 
exercise conscientiously. 

15. What differences, if any, were apparent in the right and left hands? 
How do you account for 'the differences? 

Answer: The hand that is used most might show less fatigue. However, 
many factors might influence results: carelessness, ambidexterity, 
raurh practice at the piano, etc. 

16* j How might a physical therapist use data of this jcind to be able to 
better help his patient? Class discussion. f 

Answer: Various exercises exert different muscles. A pliysical therapist 
uses his knowledge of physiology to cuggest activities which will 
1 • strengthen the prd"Der muscles. , 

Could you "feel" inhere the muscles were located that contracted to close 
the fingers? Open them? - - 

Answer: The muscles which contract to close the fingers are located on 
the palm side of the forearm. Tho^ that open the fingers, on the back 

side of the forearm. In this exercise muscles ur> to the shoulder are 

I 

used, so some students may complain jf tiredness in the upper arm. 
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l8. If class time permits, or -at home> "re-do" the experiment, except do not 
stop until you have completed six or more consecutive 30-second intervals. 
Graph your results in another color on your present graph. 

The suggestion that the experiment be repeated without a rest interval 
.can be done at th^ teacher's discretion. Some vill undoubted''^ try at-home. 
It would tend to lend credence to" their extrapolation. 



^.8 A Histogram 

This is a concept hard to define with simple words but not too difficult 
to use. 

To avoid embarrassment, you may desire to have each student write his 
"loss" on a slip of paper. If xhis is not a problem, ihey may be read oul 
loud in the class by each student. 

A histogram made of a large quantity of data will approximate a normal 
distribution. One class may not offer enough different bits of information. 
Data from several classes could be combined. 

If the class tends toward several distinct occurrerlces," a second histo- 
gram may be constructed, based on smaller counts on the horizontal reference 
line. When a large nimiber of students fall within the range 15 to 20, for 
instancs, the units may be as shown in Figure 4 -8a below. 
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Figure i|-8a 



I An example of a histogram made from combined data may appear as the one 
tielow (Flgtare U-Bb), where data from ih individuals is entered. The percent 
Of students showing the same range of percent of loefi is written at the top 
of each frequency. 



7^ 
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Percent of Fatigue 
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r 



to 



•5! 
5 




25 30 35- 1*0 ii5 50 



An easy vay for stxidents to find the 'percentages to be written at the 
top of each range^in the histogram is to find the reciprocal of the total 
number of students. Using our exan^le (Figvire U-8b)^ in which data from ik 
student^ is entered, we will find the reciprocal of ik. Then i = 0.071, so 



1 X loTl = 

2 X .071 = lki> 

3 X .071 = 2Vf> 

k X .071 ='29^. ' 

If many problems are to be done with the same division, thea the use of e 
reciprocal will aid in the computation. Books of instruction accompanying 
calculators will suggest such a process. Some of the electronic computers 
chLnge divisiln problems into muitlplication problem^ by the use of 
re|ciprocal8. | ^ 

Mdi'y.pnal det^ for a class histogram can bp found in Chapter 2. The 
students were requested to ^ave thei^r data which will now malje another 
activity histogram ( ^^^^^^ ). 



4.9*^ Optional Activity - Exercise and Pulse Rate ^ 

Here an et'^empt is made to show the nature of the statement of a scien- 

f 

tific problem. Students (and other inexperienced questioners) are often 



prone to stating a question in such a s|y that it is pearly impossible to 
answer. 
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Breathing rate would be more difficult because the students often try 
very hard to control the breathing, thus decreasing the validity of the data. 

Since this has been suggested as an optional exercise, the teacher Tna^r 
wish to do this as a class demonstration, using two or three students* only 
^nd recording the data on the board. 

There may be some question in regard to all students participating if 
there is any possibility that there are heart problems or other physical 
restrictions ♦ It is suggested that the teacher check with the school nurse 
to be safe. If possible, invite the school nurse to the classroom f or ^ in- 
struction in pulse taking- 

It is also suggested that boxes or platforms of step height be used if 
the entire class (including girls) id&tc jarUcipate. The rate should return 
to nearly normal in two minutes. 

On^ suggestion- -on the day befv-^re the activity request the girls to wear 
full skirts the following day. 

> Exercise ^-9 
Questions L through 6 will depend on individual data. 
The answer' to Question 7 will be foi^hd in Section h ,k in the text. 
Questions 8 through 11 will depend on individual data. 
Questions 12 and 13 depend on class data. 

lU. Could you say then that the normal rate of increase is known? Why? 

Answer; No, "normal" would depend upon a much larger sampling and would 
be determined by standardized p;*ocedures,*age, sex, weight, height, 
I metabolic rate, etc. * 
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2. 
3. 



Sample Test Items 



In the . following set of numbers yftat is the mean? 
(I, 1, 1, 2, h, 5, 7) 

In the set (k, 8, 5, i, 2, 2) what is the mean? 

In the set (9; 5; H; 12, h, 3, l3, 1, 8) what is the 
median? 



Answers 

3 
5 



k. Find the mean, median, and 'node of the following set mean 
of numbers: (l, 1, 3, ^, 6, 6, 1, 8, 9, 11, 11, 11, 13) 

*^ ; V?h£tt is the niCMie of the set in Problem 1? 

6. What is the median of the set in Problem 2? 

T» A junior high school math teacher had l86 pupils in his 
classes. The semester grades 'were 22 A* s, 37 B*s, 
'7^ C»8, 38 D^s, 15 F's. ?ind to the nearest tenth of a 
percent the percent of grades that were B's. 

, 8. Given the set of numbers (2, 6, 8, 10 . . . ), 
extrapolate for the 8th term. 

9. Given the set of number^ (l, 1, 2, i, 5; 8, I3, 21 ...); 
extrapolate for the 9th term. 

10. Given the set of numbers (... 18, 21, 2h , 27), extrapolate 
for the term Just before 18. 

11. Given ti?e set (5; 1^^ 9r 8, 12, 3> ^> 15; 2, 'J, 9, 5; 
12, 7, B,l 10), of the mean is 3-6; the cnode is 7- 
What numbers are represented by A and B in the stt? 

Construct a histf^cri-am to represent the following data. 
Two hexahedrons (dice) were rolled 100 times. The 
sums were noted as follows: 



7 
7 

11 



19.9^ 



16 



3^ 
15 



3,7 
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No. ^ times 
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5 6 7 8 9 10 11 12 ' 

..True, False Suras 
(T) 13 e In measurements you can never say exactly a certain number. 
(T) lU. In counting you can say exactly a certain number. 
(F) 15. You use the same muscles to open your hand as you do to close it. 
(f) 16. Muscles "push" as well as "pull". 
(T) 17. When a muscle contracts, it shortens end thickens. 
(T) 18. When muscles are attached to bones, there is always at least one 
Joint between the muscle connections. 

19. Skeletal muscles are arranged in opposing pairs. 

20. -Visceral muscles are the muscles one of the pairs of which is 
attached to bone and the other is not. 

t 

21. Tood and o:«ygen are carried from the muscles to the lungs by the 
blood. 

22. The Latin phrase per centum means "by the thousand." 

A class of 28 students has 12 boys aiid I6 girls. One boy andjtvo | 
girls have red hair. « f ^ 

What percent of the class are boys? 

What percent of the class has red hair? 11^ 
What percent of the class are girls with red hair? 7^ 
V/hat percent of the class are girlsV 57^ 
The one boy with red hair is what perc^nt~of the c-le^s? - 
.What percent of the class does^not have red hair? 



(T)- 
(F) 

(F) 

(F) 



23. 

25. 

26; 

27. 
28. 
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Consider the following group of students: 



lit' 



Stxjdent 


Hair Color 


Barbara 


black 


Mazy 


'blond 


Harxy 


blond 


Betty- 


brown 


David 


brown 



2^* Vhat percent are boys? 
30 • What percent of the girls have black hair? 
'31. (Ehe" pojjulation of a city was 53>000 in 1956. In 1965 its 

population was 113,000; what percent was this of the" 1956 

population? 

•32- " If the town mentioned in the last problem had a population 
of 10lf,000 in 1970, what percent would this be of the 1965 
. population? 



2Qff> 



92$ 
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Chapter 5 

YJAST METABOLISM: LINEAR* GPAPHING, CUBVE FITTING, 
EXTRAPOLATION^ AND INTERPOLATION, VOLUME OF A CYLINDER ' 

Teacher's Connnentary 



5»1 Introductic^n ' i 

An attempt is being inade here to point out the uiiifying biological 
themes that are be. .g used for these activities: natural variation , grovt h, 
metabolism, adapt ation to environment , and th^ similarities in all living 
things (unity )\ 

There are, of coiu'se, many examples which teachers can glean from 
^udents' experiences which wj,ll recall to them the bod^'»s requirement fo 
faster heartbeat and deeper breathing after strenuous exercise. 

The questions are simply for speculation end to Lea^T^^ ^thinking into 
thevdilficulties inherent in answering some of the questions to which one 
might want the answers. 



' 5»2 What is Respiration ? 

The teacher may wir*h to clarify for the student the tw^ uses of the term 
respiration . The common usage, i.e., artificial respiration, respiration 
rate, refers to what is in this chapter called breathing > The oiochemical 
interpretation of the term— oxidatijon of food (usually carbohydrate) to 
release energy, carbon dioxide, and water in the 7-ils--is the inteai^retat'ion 
that is being used here. Tnis is a Turther emphasie on tr.e unity of pattern 
in living things. 

Students might ask: 

1. How do insects ' reathe? They "have small openings ,! ^ the sides of the 
abdomen, called spiracles > These lead into tubules .-t. c penetrate- 'to' ' 
all parts of the body. 

2. Spiders have " book lungs ," leaf-like sti^cture^ whicn of^er a Jai'gc 
surface area to the atmosphere, <^ 

I Many '^-ater- living organl$ms have gills , which strain the writer, removing 
' the dlB8o;.ved o:^gen (not from the H^O mo]ecuie). This Is wh^- 
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goldfish, etc., need a fairly large surface area in the bowl. 
hJ Tadpoles have gills; frogs and toads have lungs; hence amphibia. 

5. .Whales and other water mannsals must surface occasionally tb breathe 
air. ^ . 

6. Simple birds (which have a verj^ higK rate of metabolism) have an extremely 
fast breathing rate as veil as heartbeat. ^ 

7. In general, the- smaller the animal, the higher the metabolic rate. 
Aiiaerobic^ganioms (those that live in the absence of, oxygen) are for 

*the most part microscopic, sinc^ this is a relatively inefficient way of ^ 
producing energy. However, all cells are capable of temporary anaerobic ^ 
existence. The process described in the text is often called the "oxygen 
debt." There are many degrees of existence varying from the higher verte- 
brates^ which are quite aerobic (the^ central nervous system suffers quickly 
from^oxygen attack), to completely anaerobic organisms, such as some para- 
sitic protozoans '(one-celled animals) and certain types of bacteria. Clos- 
tridivjn botulinum is a bacteria, which cannot metabolize in oxygen and, 
incidentally, is the cause of the Infamous food poisoning "Botuli-sm." Yeast 
is an example of an organism which can live well in either circumstance. If 
held under anaerobic conditions, it utilizes sugar to produce alcohol and 
caVbon dioxide. Wien oxygen is available, it oxidizes the alcohol completely 
to "Carbon dioxide and water. 



5.3 Activity - Measuring Yeas.t Metabolism 
Materials needed: 

1. Disposable plastic sy ringes ( without needles),, one pe^ team. These 
are usually available from your family doctor or a nearby hjspital^ 
if they have a clear undei standing of your purpose. If available, . 

. the 12 ml. sypinge is fa::^ preferable to use than a smaller bne.. 

2. Clear plastic tubing to fit the syringe nozzle tightly. Intravenous 
(I. V.) tubing is also usually readily available from hospitals, if 
one talks diplomatically to the nurses. Most'l. V. tubing comes 
^^th rubber, fittings which can be adjusted to fit the nozzle. 
Aquarium tubing may also fit. You will need approxiniately I8 
inches for each team. . ^ 

3- 1' -inch plastic millimeter ruler, preferably with a groove down the 
center. This could be improvised, of course. 
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k. Yeast t either dry or ceke. Mix the yeast culture by adding approxL^ 
mately ~ package Cor ^ cake of yeast) and ^ cup of ordinary 
sugar to about 2 cups of warm water. 

This should be done at least 20 minutes before the first class , 

to give the yeast time to become active. 

« 

» This. culture should last all day, although eiftemdon readings may 

be slower, in spite of somewhat htgher temperatures. 

/ /I \ ' * 

5* Sugar — ordinary table sugar (— cup). ' ^ 

.6. Food coloring * Red is easily visible. Add 2 or 3 drops to 3 or U 
drops of water. ' • ' 

7. Transparent tape or masking tape. ^ " / 

^* Block with w hite paper . The purpose of this is to ^allow manipula- 
^ tions (connecting end disconnecting) of the tubing and syringe 

nozzle. Any improvised gadget: will work. 

Vhite paper - ^two reasons. , 

a. Attachment for tape t9 anchor t"he apparatus in place. 

b. Visibility of drop and ruler" markings. 

9* Clock or watch for measuring one-mlnu"oe intervals. 
Procedure , . - 

It might be wise to have the students prepare their tables in advance , 
perhaps as a homework activity^ 

J 1. The teacher may find if" aesirable to set up the apparatus for each 
' team before class to save time. Certainly ail nozzle-tubing con- 
ne<Aions should be checked before issuing. 

2. Youjiaay also wish to premlx the dye and ;]|ro vide it in separate 
small vials or bottles, along with the caps from milk cartors. 

3-i*-5. . Partly fill (less than half full) the syringe with yeast cu ture. 
You may wish to do this and have it taped to tjie block befo e 
class starts. , * ' 

6. . This will have to be done by the students J as action should begin 
immediately after, attachment. 

If jthe drop does not move^ the usu^l .explanation is a "loak" som^- \ 
where for gas to excape. Check fiitingg . If not fittings, yeast 



i 

may be stale . 
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' Also check for arty blockage that might have Inadvertently occxirred. 

7. It is conceivable that the drop could move so fast you would have 
to cut 'the time to 30-second intervals. 

Temperatiire variation. Yeast should metabolize faster as the temperature 
rises— roughly twice as fast with each^io^ C. increase. There is, of co*ars^, 
a top ^mit' when the yeast would slow, then die. 

The reason for a second reading (even a third if you can manage the 
time) is explaine^jl in the text-. (See Section 5 -J-) 



Answers to Questions 

The moving drop can .be explained only by gas production, however, if 
by chance the apparatus slopes downhill,' the students, might suggest this 
Interpretation. Foa» this reason, the appaiatus should be level, if not 
sl/nted slightly uphill. 

The students are asked later in the chapter to calculate how much gas 
is* produced per minute. At this time, the teacher should encourage them to 
tiank through for themselves possible methods of doing this. 

The graph should show a linear rate. This is the major reason for work- 
ing vith this activity. (S'^e graphs at end of chapter.) 



5-^ Graphing the Data 

This type of experiment is dene to illustrate a physical phenomenon 
whlcn gives definite points of reading and yet generates a line. The concept 
of I points betweert points to Justify' a line is not completely valid of couise. 
Ar' infinite number of points so placed woujd still leave gaps for other 
pcints, but the concept of density estebliijhes the notion of a line. Tlie 
r(adings are themselves not exact because Ihe -"rop of liquid wsja moving ' 
(generating a line) aii of the time. 
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5 -5 Curve Fitting \^ 

Many students will be familiar with Zeno's Paradox, but it is introduced 
here anyway because of its loose analogous Reference to points of time re- 
lated to space. If a student believes the paradox, then he must believe that 
the man in front in any race will win, regardless of the speed of the other 
contestants. 

To refute the paradox, it is a good idea to introduce a tine factor. If 
Achilles can run 1000 yards in, say, 5 minutes, then the tortoise can run 
100 yai-ds in 5 minutes. At the end of 10 minutes, Achilles will have nin 

2000 yards, the tortoise, 200 yards, and Achilles will be 800 yards ahead. 

f 

If a student wonders " where" Achilles catches up, you might use this 
simple algebraic solution. 

Since they start at the same time and we "stop" them when Achilles 
catches up, each runs the same length of time. Thus, t = t. If the tortoise 
goes X yards before being caught, then whatever "x" is, Achil-les rxins 
X + 1000 yards. Putting this ini'ormation into a table, we have: 



Achilles 


. Tortoise 


rate 


ICOO yards per 
unit of time 


100 yards per 
same unit of time 


time 


t 


t 


distance 


X + 1000 yards 


X yards 



If d 
Achilles 



rt, zheti t = — 
> r 

X + 1000 ^ 



For each case the relation would be: 
Tortoise: ^ " ' 



iOOO ~ ^' 100 ' 

but the times are the same. Thus, equating the equations, we have one equa- 
tion wlLh one unknown. 



X 4-. 1000 
1000 

1000(x -t- 1000) 
1000 

X + 1000 

xOOO 

1000 
9 



X 

100 

x(lOOO) 
100 

10 X 

9 X 



Multiply both sides by 1000 

Simplify 
Combine termrs 

Divide both sides by 9 
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^ Mhen Tortoise nuis » llL.lll yards, Achilles runs « 1111. lil yards, and 
Ke catches the tortfei]pe. 

The curve fitting for the graph is just to be a graphical notion of vhat 
we all do Qxtyvay* We tend to fit things into patterns . Our points appear 
^as a pattern in this gi^h. The "curve" is just to graphically finalize the 
pattern. You might e^^lain there are several very involved formulas to use 
in curve fitting. These require a knowledge of math beyond the scope of this 
grade level. 



5*6 Interpolation and Extrapolation 

Prior to this chapter the students have been asked to do some informal 
extrapolation. The method of proportional parts for inte^olation and extrapo- 
lation is presented in this ,sectio/» A second method uses observation 'of th4, 
plotted points to estimate the best position of the line'r 

^ ^ ■ ' . 

Interpolation by proportional parts is a good drill exercise in the use 

qf proportion for a practical purpose. A set of math tables will furnish 

you with large amounts, of data. Many tables are not linear and thus if you 

call for too great extrapolation, the error will be considerable. Itoth 

tables often include a section on proportional parts to aid in the interpo- 

lation. 

If possible, give your students other opportunities to interpolate. As 
they advance through school, they will have many more occasions to use the 
knowledge . ' 

i 

Kxei^ise ^-6a 
From Figure 5 -6b and line i3, answer the following: 

1. A width oi ram. would give an expected length of 

2. Find the /expected length for a leaf width of 15 mm. 

3. If the width is ^5 mm., the expected length would be 
U. If the length is run., ^the expected width would be 
5» Where does line B intersect the axis? 

6. What woiild be the mathematical interpolation of your answer 
to Proljlem 5? 





1+8 


mm« 




20 


mm. 






mm* 




38 


mm. 




3 





' A leaf with a length of 3 mm. would have a width of zero mm . 

I 
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Would the information you have about biology help you to justify your, 
„ _ ../.answer~to Probl^^ . . " '* • - J 

Yes> It c&n^t happen. An^*" leaf vould have some length and viclthi 



Exercise 5-6la 
' '^(Expanded solutions on the following page) 

Use the data from the following table to answex the questions in this exercise. 

\ *First Term ^ Second Terra 

10 ' 100 r 

20 201 ^ I 

30 J03 

40 ' ko6 

, 50 510 

60 615 . ' ^ 

70 • 721 

80 828 . ' 

90 936 

100 ' 10i^6 

__ • 

1. What would be the second terra for the ordered p--.r (30, ?)? 303 

2. What would be the first term for the ordered pair (?, 721)? .70 

3* Find the second term for the first tei^n of ^5. * h^Q ^ . 

Find a second terra for the ordered pair of (63^ ?)* \ 647 

5. Find the second terra for a first terra of 87- 904 

6. Find the first terra for a second terra* of 252. 25 

7. Find the first term for a second term of 980. ^' 9^ 

8. The first ^terra is 110. Find the c^econd term. ' ' II56 - 

9. The first term is 103 . 1 «.nd the second terra. . . 1079 

3,0. The second term is 836. Find the first term. 8I 

t 

Expand solutions to the preceding exercise (5-6la). 
!♦ 303 • \ . ' 

2., 70 , ' 

3. '458 



61*7 
25 



Flrat term 

T 

i. _ . 



Second term 
k06^ 



10k 

L.510 



10 lOlT ' 2 -^^ 



= X 



X = 52; add 52 + W6 = 1^. 



X 31.8 or 32; 6l5 + 32 = eVT. ' , ^ 

= ^ ; X = 75.6 or 76; 828 + 76 = 
252 is between 201 and 303. Thus, the first term is between ] 



20 and 30. 

First term 
•20- 



Second term 
201- 



T I 

- ^ 102 252' 



L?-^ 102 
30 



J' 



303 



— = §^ ; X = 5; First tern is 20+5 ,= ^^ 

90-—I r— * 936 



10 ?• 

Uioo 

8. 1156 Extrapolate 



ri r 

I n ?■■■■ I 1 1 n 



110 980 

—-101^6 

90 



LIO 

90 + ^ = 9^. 



10 - 110 ' ^ ~ 



10 I 110 / 



>*- 2jO 100-" 1 X lOhS' 

-lie L*-? 



10 110 
20 X 



lOx = 2200; X = 220 
936 + 220 = 1156 . 



1079 



10 112. 
13 X ' 



-90 



13 100 
'103 



10 



|— -r936 

X lOkS 



110 



11^3; 936 + li^3 1079. 
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1. If the condition of your experiment did not change, how far would you 
expect the mark in the tube to ad\rance by the eud of one hour? (Pretend 
the tube is of sufficient length.) ^ 

'Answer: Depends on student- da J;a . » 

2. Under the same conditions as in Problem 1, what distance could you an- 
ticipate -by the ehd of ' one week? ^ — — - * _ - 

Answer: Depends on student data. ^ 

3. Given a tube of infinite length, do you think the action shown in your 
experiment would continue for one hour? . One week? One month? One 
year? Why? Can be ulsed as a discussion question * . 

Answer: Under room conditions, certainly an hour. Action would probably 
cease prior to one week. OJypical population exploaion problem.' Over- 
crowding uses up food supply, etc. 

Below isra graph of data gathered in a wick experiment* A strip of 
chromatography paper was calibrated* in centimeters, dipped in a Jar of 
water, find time readings were taken as the water moved up each centimeter 
of leng"l;h. ^^^^ ^ * 




(a) Each email square on the d-axis represents what part of a centimeter?. 
^ Answer; .2 cm, i 

.(B) How far did the water move in the first minute? (Give answer in 
tenths of a centimeter.) 

Answer; About 3.2 cm. ' ^ 

(G) Hov far did the water move in the first 20 seconds? 
Answer: About 2 cm. 

(D) How long did it take the water to move up to the 5-centimeter mark? 
Auswer: About 170 seconds. 

(E) . How long did it take the water to niove up 2~ centimeters? 

Answer: About 35 seconds^ 

(F) The' smooth curve in this graph indicates a continuous function . 
What does this mjean to you regarding values in between circled 
points? , , * * ' 

Answer; , The movement of the water up the wick was a continuous 
action, so^all points on the graph line are meaningful. 
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gl?^*: , , . This section is included to serve as a review in calculating volumes* . 
pS&T"^ — ^^The7metfaodr^of^x:aixula^rf.t3s^ijhe volume-of^ the rectangular solid is used to 

.point out the fact that volumes can be calculated using measurements of length 

tiie xaiilts are multiplied to result in units cubed. It is often confusing 

S^v, '\ \ ^ ; q 

^ \ ''to pupils to talk of cubic centimeters (cc or cm^ ) and milliliters as both 

'tt %. .being a lieasure of volume. When ^rapacities are discussed, it should be 

Sr*-.^ . . 

tZ^. pointed out that a cylinder such as a tube has a capacity determined by the 
inteamal .diameter (I,D,)i and care should be taken in these measurements* 
It is easier to measure the outside diameter (0,D»)> and this often trims out 
to be\the measurement taken* . ^ ♦ 

Exercise ^«7ft ' 4 

1, Find the volume of a rectangular object that is^jf cm. vide, 8 cm. longt 
and 2 cm. high. 
Answer: 6U cm , 

2. Given a bottio with flat sides (planes), a Dqua:;e base^ and the inside 
edges of the base 1 cm.,- what would be the v6|Lume of li-quid when 

' filled to a^ depth" of: 

(a) 1 cm. , Answer: 

(B) 2 cm. Answer:. 2. cm*^ 

3 * 

(C) 4 cm. Answer: 4 cm 

3* Given another bottle with flat sides' but with a square base of 2 cm^ 
on each internal edge, what would be the*voltune of liq\iid when filled^ 
to a depth of : • 

(A) 1 cm. Answer: 4 cm^> 

3 

(B) 3 cm. . Answer: 12 cm 

1 3 

(C) ^ cm. * Answer: 2 cm 

(D) 2^ cm. ' Answer: 10 cm*^ 

Given a metal box (paVairelopiped), rectangular base with internal 
.measurements of h cm. for'T.ength, 2 cm. for width, and ^ cm. high, 
what would be the volume o'f liquid when filled to a depth of: 

(A) 1 cm» Answer: 8 cm^ 

(B) 2 cm. ^ Answer: l6 cm"^ 
> * 3 

(C) 5 cm. Answer: cm 

(D) 25 cm. Answer: 200 cm^ 



1 ' 
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Exercise 5-7^ 



and h 



^^l^5viG'"ii^o™ation is given for five right cylinders. The letters r 

,v ...^e;vthe-measures of the radius of the circular ba^e.and the height of 



.-^^^ respectively. Using 3.1 as an approximation for a, 

^^^^7-:7r--npj[^ of each cylinder^. 



" hmerical answers obtaWed when computing volume3> of 



^^^^ - 

MS'' ■ 



cylinders sometimes appear more precise than the indicated 



accuracy of , the original measurements voi'ld^ Justify . It 



is • reasonable ~ to; round some ' of the answers . 
Cylinder Radius (r) Height (h) 



If in. 



8 in. 



AnswerV V 



3.1 X X a, « 396.8 in^ « 400 In^ 



8 ft. 



h ft. 



Answer; V « 3.1 x '8^ x 4 « 793.6 ft-^'w 790 ff^ 



10 cm. 



30 cm. 



Volume 



ifOO in^ 



790 ft-^ 



9300 cm-^ 



Answer: V » 5.'1 x 10^ x 30 « 9W %^ 



7 yd. 



25 yd. 



3800 yd-^ 



Aiiswcr: V « 3.1x7 x 25 3937.5^^yd-^ - « 38OO yd-^ 



12 in. 



12 in. 



5UOO in-^^or 3.1 .ft 



Answer: V 



3.1^X 12^ X 12 » 5356.8 in^ 



5^00 in-^ 



Hnd the volumes of the right cylinders shown here. The" dimensions given 
^are the radius and the height of each cylinder. The figures are not 



^ drawn to scale. (Use 



.1.) 
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10-6 




>1" 



-12"^ 



I) 



15' 



abou'l; 37 cu In 

, (a). " 




about 186 cu ft 





















25 







IQyd 



ft 




St, 



about 232 cu In oV about 13 cu ft 



^aJjIq^ (wl/th a flat top) is 30 feet' high and inside radius is 6 fe'et.. 
How many cubic feet of grain will it hold? (What is the volumefy Use 

« 3.1^. , \ 

Answer: V » 3391.2 cu. ft. 

A cylindrical water tank is 8 feet high. The diametfer (not radius) pf 
its base is 1 foot. Find the volume (in cubic feet) of water which it 
call hold. Leave your answer in terms of rt. If you use 3«i as an ; 
appro5clmation for what is your answer to the nearest (whole) cUbic 

Answer; 'Volume is at cu. ft., « 6 cu. ft. / y^'/' 

There are about 7^ gallons in a c^bic foot of vaterv' About how many 
gallons' will the tank ^of^ Problem h liold? ^^^"^ , 

Answer: « 4? gallons (or 45 gallons if cpiK^uted from 6 cu. ft.) 

Find the amount of water (volume in p-ublc inches) which a 100-foot 
^length of pipe will hold if the.J:tiside radius of a cross-section is 1 inch. 
Use 7t « 3.IU. (A cross-section is the intersection of the solid and 
a plane parallel to the"planes of the bases and between them. ) 
Ansirer: V « 3768, or volume is about 3770 cu. in. 



9^ 
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^^♦P;F. A wan walked one mile south, then one mile east, another one mile 
-north, ani found he had retm^ned to his starting point. V/here did he start 
^I'f'he^wa^- south of the equator? 
Answer: . Many students would say the North Pole. This is ,one starting point 
;but.not soutl) of the equator. Actually ^here is an infinite number of ^start- 



, ing points. They all lie on a circle near the Sbutfi Pole." ^ere is a circu- 
lair path argiind the world exactly one mile long ( « ^ of a mile north of 
theSouCth Pole). If the man started one mile noi:th of this path then he 
could valk ohe mile south, one mile east (taki^ng him around the world"), and 
one .mile north returnixig him to his starring pbint. ^ . 



5 .8 Volume of Gas Produced by Yeast Activity 

The data and, questions asked in thxs section are all based upon an 

actual experiment. ^It is used here Just prior to asking the students %o 

couroute volumes in their own experiment. One experiment (done by a biology 

instructor) used the following equipment: _ ^ f 

Total capacity of syringes = 12 cubic ce^ntimeters (cc) 

. Diameter (inside measure) of tubing =3 mm. 

— ' When started, the syringe contained 5 cc of liqxiid and 

7 cc of gas (air). " " . . 

If the tube is a cylinder with a diameter of 3 mm., what is the area .of the 

2 

base of sucl^^a cylinder? * Answer: ^ JvCsn 

3 ' 3 ' ^ ^ 

How many mm are needed to wake 1 cm ? ^ Answer: 1000 

If you poured 1 cm*^ of liquid into a/ tube of diameter 3 ton.,, to what 



length would the tube be filled? 
Sol'vlng for height in the formula 



Answer: » * l4l 



rtr h, we have 



1000 ram-' 
1000 
1000 
li*l 



3.14 X 1.5"^ X h 
3.li* X 2.25 X h 
7.06 h 
h 



Exercise 5 -8a 

Using the data snovn above and Figure 5-8, answer the following questions. 

1. The length of tubing from the syringe to the. bubble (drop of liquid) 
was 10 cm. What is the volume of gas (6ir) in the tubing (answer in 
cubic wni,)1 ^ 

95 ^ 

ley 




Answ^: XO cm. « I'X) ran. of base was » T.nm. Thus, 700 imi-' 

The/.^lme of air In the syringe was 7 cc.^ Express this as mm . . ^• 

3 ^ 

Answer; Volume of air in the syringe was/ 7 cc. = 7000 tma . 

What is the total volume of gas at the time the experiment starte^L? 
~ - ' ' "i 

Answer; Total volume of air at the. start of the experiment ^ 700 + 
3 

7000 = 7700 mm . . , 

Hov much gas (in cubic mm) wafe produced* during the first ndnute? 

Answer: Gas produced in one minute equals the difference between zero 

reading and the first minute or l6 ram. of distance (from graph). , ■ 
2 

03ir*g V = itr h, then | ^ 

V a 3.1^ X 1.5^ ^ l6 

/ ' V « 3.1V X $.25 X 16 « 113 nm-^ 

I 

How. much gas Was produced/ by the end of 2 minutes? 

Answer: Gas pij^oduced^ in 2 minutes = 36^ nmi. - 8 mm. = 28 mm. 
2 

V « nr h 

V » 3.1^ X i3'-25 X 28 

V w 198 ram^\ ' 

At the end of the experiment, how mucl\ gas (in cubic ram.) has been 
produced? *. ' ^ ~ P 

Answer; Total gas produced = 158 mm. - 8 ram'. = 150 mm- / 

V = nr^ ' . / . 

V « l^lk X 2.25 X 150 X 1060 

What is the total volume of gas in the system at the end of the experiment? 
Answer; Total volume of gas in system = original gas + produced gas » 
. . 7500 + 1060 = 8560* mm*^ 

The volume of liquid (expressed in cubic mm.) in our syringe was ? 



3' 

Answer; Volume I of liquid in syringe was 5 cc. = 5000 ran 

What is the ratio of volume of liquid to gas produced in 10 minutes? 

Answer: 'volume of liquid ' 5000 ^ . ^ 

gas produced " 1050 - ' 
If liquid continued to produce gas at the same rate, in how many 
minutes would the volume of gas produced equal the volume of li(juid? 
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Answer: *A proportion would work well here: s ^ ^ 



If 1060 taa^ 'in 10 minutes, then 5000 nm^ 'in "x" minutJfe.' We have 
.aXf eady fouiXd that ' = if.?; therefore, U.? = ^ 

X ,« minutes. . 

11. Theoretically^ -how much gas would be produced in our system in 1 hour? 
^ * Answer: In one hour the gas produced would be 6 . times ,as much as 
10 minutes or IO60 x 6 = 6360 xmr . 

12« ,Gangbu3ters: At the same rate how much gas would be produced in one 

year (3^ days)? Express your answer in scientific notation and in term? 
Of cubic. millimeterB to two jsignificant-digits. 

AjiBwei*:. Gas produced in 365 days would be equal to gas produced in 
1 hour* X '2h. hours ix, 3^ days.. 
! - 6360 X X 365 55? 55,713 » 56 million. 

(Bemiud- students of significant digits.) 
Answer in sdientific notation: 5.6 X lo'^ nm^. 

13. E3cpress your answer to Problem 12 without scientific notation in cubic 
^ . *meters* 

* Answer: . 1/000,000 ms? = 1 m^; 

fihuQ, 5.6x10* = 56x10 and 10 = 1 million; 
therefore, 56 m"^. 

1^« ,Now, go back to Sections- 5 '2 and 5'7> first paragraphs, and review the 
* information given there. Assuniing that 20-per cent of the air in the 
, syringe Vas oxygen, at what theoretical point in the generation of 
,00^ by the yeast did respi ration cease and fermentation begin? 
Answer: Point of time when respiration ceased and -fermentation began 
^: would be when the theoretical supply of oxygen was used up. If oxygen 

is 20 per cent of the volume of air,,, then 20 per cent of 700^0- mm = 
\ lUOO mm . A proportion wouxd show that if i06o mm was produced in 
3,0x,minutes, then l400 nsn was produced in x minutes. 
10^0 

. . ' feoo = % ^3.2 minutes 

^ Exercise 5 -8b 



The students are asked to use their own equipment and data to answer 
these questions. The answers will vary but should be recognize^ as reasonable 
by the'fitydents* 

1. - ?•> Depend on student data. 



se^ 



8, 03cygen consumption should be approximately equivalent to carbon dioxide 
production. 























Matching 








(d) 


1. 


does not contain chlorophyl 


&) 


respiration 


it) 


2. 


without oxygen 


b) 


p 

:tr n 


(g) 


3. 


data between two known amounts 


c) 


photosynthesi s 


is) 




volume of a rectangular prism 


d) 


yeast 


(b) 


5. . 


volume of a cylinder 


e) 


aerobically 


(h) 


6, 


data beyond a known amount 


f ) 


anaerobically 


(c) 


7. 


releases oxygen into the air 


g) 


interpolation 


(a) 


8. 


taking in oxygen and giving 
off carbon dioxide 


h) 


extrapolation 


(e) 


9. 


with oxygen 


i) 


3.56 cm^ 


(i) lb. 


3^. 


i) 


1 w h 



.1 



Use the data from the following table to answer Questions 11 through 15» 



ilrst term 


Second term 


. 11. 


What would be the second term for 


5 


100 




the ordered pair (15,151)? 


'15 


151 


12. 


What would be the first term for 


25 


203 




the ordered pair (]5,1*88)? 


35 


256 




^5' 


310 


13. 


rind the second term for a first 


.55 


3^- 




termtof kO. 283' 




1*31 


11*. 


rind the second term for the 


75 


1*88 




ordered pair (63,53l*.l*) 


85 


51*6 


15. 


Find the second term for the first 


95 


605 




term of 91. • , 581.1* 



A round bottle has the base area of 6>&k cm . What would be the volume 
if it were filled to the following heights: 

3 

l6. 2.0 cm. Answer: (correct niimber Ik cm 

of significant digita) 



17. 35 nnn. 



18. 1.00 dm. 



2k cvr or 
2^1,000 nm^ 



6b.k 
.068 dm^ 



3 

cm or 



98 

110 



19. 2.50 cm* 
.20. J*5.000 nm. 



a?.! CUT 

^ 30.1 cm^ 
or 30,100 mn^ 



Multiple choice 

21. How many square decimeters are there in 13 square meters? 
a. 130 b. 1300 c. 13,000 d. 130,000 e. none of these 

; 22. How many cubic decimeters are therein 13 cubic meters? 

a^ 130 b. 1300 c. 13,000 d. 130,000 e. none of these 

/^^ ^ 23. Wiat is the volume of a rectengxilar box 4-3 centimeters long, 
3*0 decimeters wide, and 120 millimeters high? 

2k, Vhat is the volume of a cylinder 12 decimeters hi^ with 
a diameter of 10 decimeters? S5 3»1^) 



Answer 
b 



a 150 cm 




99. 



Chapter 6 
GROWTH OF MOLD: 
RECTAKGULAR COORDINAIES, ESOIliATION OP AREA 

Teacher's Ccmnentary * ' " " 

6.1 Introduction 

, This third major 'biological concept which was briefly alluded to in Chap- 

ter -2 "is here more fully developed, end- the resulting graphs should be quite 
chare cterist.lc- If growth can be measured early enough and late enough ip life 
of the ^ organ (such as heart, liver, brain, etc), organism (total Uving thing), 
or pcpul^tion^ :^hen three phases should be evident in the final gr^fph; 

(1) " Ohe lag phase, illustrating a slow start, a period of cell or organism 

adjustment. 

(2) ^e grand phase or exponential phase, wheTe the cells are multiplying ex- 
ponentially (1 cell- divides into 2, the 2 divide into 8— 16— 32— 
6^^— etc., becoming astronomical in number oefore limiting factors begin 

to be felt), - and X 



(3) The stationat^'- phase or senescence , a leveling off as a result of a com- 
plicated set of limltiitg factors, such as metabolism, regulation, food 
supply, and relationships of the organisms vith each other and with their 
environment. / I4 , 

Students might ask how one isolates a ^^ingle bacterium, thereby starting 
a colony which acts .precisely the same as any other population. A bacteriolo- 
gist may have several techniques of isolating a single bacterium. One of these' 
is by a method called "streaking." The sterile needle is dipped into a culture 
of bacteria, then drawn lightly across a petri dish containing sterile agar 
. grovth medium in one direction three or four times, .then across these streaks 
perpendicularly several times, and again across the second set of streaks, thus 
scattering the bacteria so that colo^. as arising from an individual bacterium 
do result. 
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individUHl colonies 
should appear here* 



it ^ 



■ In reference to the story of rabbitj^ in Australia, many "controls'*, 
were tried. At first/ the people tried herding 'tfim together and bludgeo:ii|ig 
them tojdeath as is done in some plains ^tates to tHis day,^^ This, hwevet, was 
found to be ineffective. Recently ecol<jJists have started introducing natural 
. enemiesjof the rabbit, such as the Red Fox. But it wasn^t ortil the fungus 
disease; Coccidio mycosis was introduced that the rabbits were brought under 
effectijVe control. 

I Since there is little reliable data available on total world popur 

lation> over a period of thousands of years, it is difficult to present this 

with any mathematical certainty. However, there have been many broad state-. ^ 

ments made. In the film Our Mr. Sun, produced by the Bell Telephone Company, 

the stiatajient is made that "one out of twenty of all th?§ people who ever lived 
. I ' ^. - " 

*4ikjbhe world is alive today." It is from statements' and estimates such as this, 

as well aa^data similar to that provided at the end of this chapter that the . 

tena "population, explosion" is derived. The graph on population in the United 

States from I66O to 19^0 is meant to be a climactic ending to the chapter, 

so it is suggested the teacher does not refer the students to it^at this point. 
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6.2 ' Coordinates 

I Tiiis section starts out with an informal inH^roduction of identification 
of points in a plane. The idea to stress is that of a reference point and 
ref^erence lines. For this set of exercises, our reference lines will be at. 
ri^ht angles to eacK other (rectangular coordinates). 
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\ Exercise 6-;2 

Answers will depend upon your classroom seating arrangement. 



6.21 Coordinates on a Line 

* 

Identify the terminology of Tiomher; coordinate, distance^ «nd direction, 
nationals are used as the domain even though the students may aware of - 
placing irrationals on the number line. 

* *** 

Exercise 6-21 

1. Draw a segment of a number line 6 inches in length. Mark off segments 
of length one inc^i and place the origin at its jnidpoint. On the line ' 
locate the following points : 

A(-l), B(|), C(l), T(0),' L(-|), P(-2)-. , ' 

p L .\ A y - p / . B ■ 



-'i 



-3 -2 - 1 \l Or.. 1 ' - 2 1 3 

1 



2 _ ; 2 



In Problem 1, how far is it in inches between the polht labeled T 


and the point labeled L ? 


2 


Between ^ P and B ? 


ki »» 

- 2 


Between L and B ? ' ' 


k " 


From the origin to A ? 





3. Using a number line with 1 inch as the unit of length, mark the follow- 

/. ^ ' * 

'ing points: 

Hh, S(|);-D(-|), F(0), E(|) . • 

D P R - S E " 
—I 1 * 1 1 1 >—\ 1 1 1-^ 

-3 -2 4-1 015132 3 

-3 -t -2 
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If the line segment in Problem 3 were a highway and if it were drawn to 
a scale of 1 inch representing 1 mile, how far in miles would it be 
between these points on the highway: 

(a) P and R ? j mile (b) D and E ? 3 miles 

Draw a number line in a vertical instead of horizontal position^ Mark 
your number scale with positive numbers above the origin and negative 
, numbers below the origin • Label points to correspond with the rational 
numbers 0, 1, 2,,/^ -1, -2, -3^ 



.V 



Exercise 6-22 



Given the following set of ordered pairs of rational numbers, locate the 
points in the plane associated with these pairs. 
{(^^,1)..(1.0), (2,k), (-1,-1), (-3,3). (^,"3), (-5,3),' (0,-5), 

(-6,0), (0,1)) A y 



(-5,3). (.3.3) 



(— 

(-6,0) 



(-iri) 



(2,U) {h,h) 



(0,1) 



(1^1) 



• I 1- 



(1,0.) 



-( 1 1 t-*.X 



("1,-3) 



(0,-5^ 
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2. On squared paper draw a pair of axes and latel thenh, ^Plot the points in 
the following pets. Label each point with its coordinates. Use a dif- 
ferent pair of axes for each set. _ • ' ^ 
Set A'= {(6,-3), (-7,-1), (-9,-7), (5,-l), (-8,'lC), (0,0), ; 

(-1,-1), . . 

,Set B = ((1,1), (6,-5), (-3,-3), (S-10)\ (-.9,-6), (-8,0), 
. (0,-5), (-2,-5)} " I 



^-8,1Q) 



(-7,-1) 1-1,-1 



(^3) 



(0,0) 



I I I I in 



(5,-1) 
{6,*-3) 



(1,^) 



(-9^-6) 



(-3^-3) 

• J(0,-5) -(6,-5) 
(-2,-5)1 

■ (^-10) -. 



3*' (a) Plot the points in the following set> 

Set C = {(0,0), (-1,0), (-2,0), (+2,0), (-3,0)', (+3,0), (+1,0)'} 



-4 f i 

3 2 10 



♦ ^ 

12 3 



(b) Do all .of the points named in Set C seem to lie on the same line? 

Yes \ 

(c) What do ,yoii notice about the y-coordinate for each of the points? 

(d) Are there^any points on this line for which the y-coordinate is 
different \f rem zero? 

No \ • 



\ 



1 ; (; 




following set: 



p.. 



Jetl {(0,p), (0, -1), (0^.1)} (0,,2), (0, '::3)-, (0, 3), (0,-2)} 



-*H 1 h: — l-L^ 
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> 3. 2 1 ^ 
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m 



o/ 
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,Db aH of the points, named In Set D seem ta lie on the 



Yes 

o 



same line? 



fc^ - 



JWhat do you notice al)0ut the x-coordinate for each of the points? 
X « 0 ^ . * ' / 

(d) Are there any points on this line for vhich the x-^oordinate is 
'diff.erent from zero? / ' ' / 



'* Exercise 6"23a 

Given the ^following ordered pairs of numbers, write^the ijumber of the 
quadrant, if any> in which you find the point, repa*esented by each of 
these orders pairs. (A number without a sign, is ^understood to be a 



^SjL tive number.) 

A « 

Oixiered Pair 



(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
,{g) 
(h) 



0,5) 

(•3,-1) 
(8,6) 

(7, -1) 
(-3,-5) 
(0,7) 



Quadrant 

Jl 

IV 



II 



III 



IV 
III 



none 



1?:' 



2. (a) Both numbers of the ordered pair of coordinates are positive. 
The point is in ,Quadrant I . 



-^fJt; i„ 



4 '^'^X^: 




m'^^^^^^^!^-^^ M = {A(2,3), B(5,3)). • ' ' 

^mMi:. . 5 A'^K ''Use a :straightedge to join A to B. ibctend>line segmerit AB. 
r?^!^^^'-"'^^^^^^ 'ifcin^ iffl seems to be parallel to vhich axis? 






(2,3) J5,3)^ 


< 


A B 
— 1 — t—t — r t t 




. 2 5 



(c) the X-axis'' 



0 

Tipt tHe points of set N = (A(o,0) , B(2,3)). 
to B. Extend line segment AB. 
AB parallel to either axis? 



- 



If. 



■r ■ 



& 
'1>' , 




(c) neither axis. AB 
is an oblique 
: line. 



(a) 

(c) 
(d) 
(e)^ 



Plot the points of set. P = {A(i^,U), B(2,0)-) . 

Join A to B. Extend line segment AB. ' 

Plot the points of set Q = {C(6,3)', Dfo,l)). 

Join C to D. Extend line segment CD. 

What is the intersection set of lines AB and CD ? 




(e) {(3,2)) 



Mi- 

^ ' 

- 

llv ■ 



5* CaT "Plot 'the points of set R =KA(o,t)), b(6,0), cO,'^)) on the 
coordinate plane • ' , • 

(h) Use a straightedge to ;3oin A to " B,^ B to C, C to 
* (c)^ Is the triangle (l) scalene, (2) isoceles, or (3) equilateral? 



(c)' isoceles 
L 




B X 



(6,0) 



6. (a) Plot the points of set S = {A(2,1), B(-2,1), C(-2,-3), D(2,-3)}. 
Usp a straightedge to join A to B, B to C, C to D, and D to A. 

(c) Is the figure a'^square? , Yes. ' ^ 

(d) Draw the •diagonals of the figure* _ - ^ 

(e) The coordinates of the 'point of intersection of the diagonals seem 
to h e (0, -1) • 



Y4 



(-2,-3) 



(2a) 





(0.0) / 


/ -3 





(2,-3) 



(a) Plot the points of set T = (A(2,l), B(3,3), C(-2,3), D(-3,1))^ 

(b) Use a straightedge to Join A to B, B to C, G to. D,yaiid D to A. 

(c) What is the name of the quadrilateral formed? / ' 

parallelop^ram / 

(d) Draw the diagonals of the quadrilateral ABCD. / 



0m 



(e)"* !rhe coordinates of the point of intersection of the diagonals 
' to b e {0,2) 



(3>3) 



seen 




*6.2U Additional Activity vith Coordinates - " Living Coordinates " 



1 

.rli 




''f,\ The following demonstration can be used successfully to enhance and, 

IJ'^ reinfoffce the understanding of the coordinate system. ' 

. ^ " A preliminary introduction should be given first. , Section 6^2 in the 

'l.-^ student text vould giVe such an introduction. 

Living Coordinates involves every pupil in the entire , class in every 
problem- Each pupil represents a point on a plane, identified by* an ordered 
pair. He must be both attentive and knowledgeable to "stay aljve" during this 
exercise. 



.Arrange the student chairs in rows and columns. Preferably in an uneven 
number of rows an& columns, bat since most math classes have 36-i<'0 students, 
anjeven number of rows or columns- is acceptable. See Figure 6-2a. 

y 

-(-1,3) (o!3) (1,3)- 



-(-2,3)- 
-(-2,2)- 



(-2 1)- 

(-s'o)- 

2 (-2,-1)- 



-(:,3)— (3,3) 

«(-l!2) (0)2) (l|2) (2|2)~(3!2) 



1 (-2,'-?). 

I 

A 



-(0,1) (1,1)- 

n-i;o)— (ojo) — (ijo)- 



-(2,1) — (3,1) 

-Cajo)— ojo)- 

.(.i;.i)__(o;-i)_(;;-i) — (ai-D-ol-i) 



-(-1,-2) — (o;-2) 

I I 

3 C 



<i;-2)- 

Figure 6-2a 



-(2,-2)— (3 j -2) 
I I 
E F 



pRJC 



n 1 



Ejcplain that the pUpiTs are a living coordfnst:e sydtea. Draw a diagram 
siaiilar to the seating, chart ocu^he challc board- Mark thc^ coordinates of ^edch 
seat (point) on the ^halk board. Be sure each student knows what ordered paiV 
he represents. . 

RovB and c/Dlumns are written* pn the diagram for purposes of identifying 
the correct answer to you* Do not refer to them or write then on the chalk 
board. If an answer needs to be identified to the class, point to the diagram 
on the chalk board. Ohe students should each.h/ave their own identifying or-, 
dered pai/ written on a piece of paper and on their desk, They^wiU need to 
refer t6 it frequently* 

/'The demonstration consists solely in students standing as a response to 
specific questions. The following are^sane sample questions of varying degrees 
of difficulty (not necessarily^ in ordjer of degree of difficulty). We §re sure 
"^^the teacher will-think of many more and better questions. ^ . 

Sample (Questions 

1. *(a) All of the students in the first quadrant stand. 

' . Itie sample coordinate system in Figure 6-2a shows these would be 

(1,1)^ (1,2), (1,3), (2,1), (2,2), (2,3), ("3,1), (3,2), (3,3), not' 
those' on the axes. : 

(b) All of the students in the second quadrant stand. 

(c) All of the students in the third quadrant stand. , 

(d) All of the students in the fourth quadrant stand. , 

2. (a) The "Y**-axis stand. , 

Ihese would be from (0,-2) to (0,3) including the origin (0,0) . 

(b) The "X"-axis stand. 

Thes^ would be from (-2,0) to (3,0) including the origin (0,0) . 

3. '(a) Second and third qupdrantjs stand. 

Be sure those on the "X"-axis do not stand (Column 3)* /c. 
• - (bV Third and fodrth quadrants stand. 

Watch out for those on the "Y*'-axis .(Row C). 

(c) First and fourth quadrants stand. 

(d) First and second quadrants staffd** 



1 n(t> 

JL ^ ^ 



r4.:*, ^» -Qiose vhose atjscisaas and ordinates are equal, ^Tlie abscissa is the first 

'^fh^ tem df an^ordered pair; the ordinate is the second tern. 

♦ V 

'4% ' • A sloping line through the origin from (-2,-2) to (3,3). 
' ^ Be sure the "orig^ln" stands. * 

'Sc^-*^ 5« All 'whose abscissas are 1 stand. \ 
C> ' ^ Stra-ii^it xine/ Rov D froi^ .(1,-2) to (1,3). ► 
Li,, . * ' 

> ©• JEhcse whose abscissa is ' -1 stand. 

:i 'Row B fran /(-l,-2) to (-1,3).' 

' • 15ipse whose abscissa is 0 ^ stand. 

^ 8* Those with an ordinate of 2 s'tand. 

* /. - 

' ' line parallel -^to the "X"-axls, Column 5^ 'from (-2,2) to (3,2),. 

* r . * 

9* All those -with an ordinate of 3 stand. * • , 

A straight line parallel to the "X"-axis, (-2,3) ^to (3,3). ' ' 

10. Those with a negative abscissa stand. 
^ ^ All those left of the "Y"-axis, including part of the "X"-axis. 

11/ Those with a positive ordinate stand. 

All "above" the "X"-axis» Zero is neither positive nor negative, so the 
"X"-axis does not stand. 

12. All those whose ordinate is not negative stand. 
^ ^ All those "above" the "X"-axis and the "X"-axis, as zero is not negative. 

13* Biose whose abscissa and ordinate have opposite signs stand. 
Second and fourth quadrants. 

1^. (a) All with an abscissa of 3 stand and remain standing. 

(b) All with an ordinate of -2 stand and remain standing* 

(c) Those who meet both of th^ previous conditions be seated. 
V Only (3,^-2) should sit down. 

15» Those'wlth an ordinate of +2 or -2 stand. 

Two lines p£irallel to the "X"-axis (Columns 1 and 5). . ^ 



Uric 



l6. All vhose sum of abscissa and ordinate is zero stand and remain standing 
through ins .traction l8. 
From (-2,2) through origin to (2,-2). 

17* All vhose sum of abscissa and ordinate is a positive number stand and 
remain standing through instruction l8. 

A lirtle hard to check; will include some on' the axes and some in 
quadrants I, II, IV. 

l3. All ^ose sum' of' abscissa and ordinate is a negative number stand* 
The entire class should be up*" after i6, 17, and l8. 
* Ladies end gentleaen - be seated. 

19. Those students whose ordinate is less than 2 stand. 

The front four columns should stand, last to columns have ordinates 

greater than or equal to ( > ) 2. ♦ - 

* « 

20. Everyone v^ose abscissa is greater than 3 stand. ^ 
No one should stand. 

21. All whose sum Oi* abscissa and ordinate is' less than seven stand. 
Aj.1 should stand. 

After £.n introduction to linear equations and ihequalities (probably first 
year algebra) many more living solutions may be graphed: Intersections of 
lines, and mathematical sentences which require whole regions, or the intersec- 
tion of regions to res^Jcnd. "And, or" situations may be called for also. 



6.3 Activity - Gro^ng Mold ^ 

Materials and Suppli es 

Al'jmlnum pie or cake tin: approximately nine-inch diameter. One per 

team. Students may be asked to oring-one from home, 
provided it does not have to be returned. At the 
end of the exercise these should be disposed of. 
Another source would be fran a variety store. 
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Er|c 



Recording 



3. 



and =^2. IhQ suggestion given in the student text" for estimating the growth 
of mold is "based on the graph paper having small space units. If "10 X 10 
to the inch" paper is used, then each small square will equal one - one 
hundredth of a square inch. 

Ihe data table form 'it only a suggestion. Students may come up with a 
' foim that they like better. 



The following graph shows the results obtained during five days of growth 
in an activity carried out according to the instructions inHhe text. 
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Graph paper: Eight sheets per student plus two extra sheets per team. 

The instructions in the student text are for 10 X.IO to 
the inch graph paper. If another kind is used instructions 
will have to be altered to fit. 

Gelatin: Colorless if possible, such as Knox . One package per 

10-12 .teams. 

Bouillon, cubes: One cube per 10 - 12 teams. 

Saran Wr^: One roll. . ^ ^ ^ 

Rubber bands: One pe;r team (large enough to fit snugly around tin). 

Marking or masking tape will also hold Saran wrap. 

Procedure 

Marking and cutting the graph paper to be placed in the bottcsn of the tin 
should not' be troublesome if directions in student text are followed. 
Preparation of gelatin-bouillon mix could be. done by one student for the 
entire class. Notice ins'truction in 'student text for cold water with 
gelatin and hot water with boi^illon. The only anticipated problem might 
arise when the mix is prepared too far in advance. ^It sets rapidly. A 
very thin layer of mix in each tin is sufficient. Just enough to moisten 
the graph paper - pour excess back into container. When the layer is too 
thick, reading of squares on the graph paper becomes diffijcult. 
The wprd "contaminate" is used instead of ,the term "inoculate" because of 
the connotation associated with the latter. The growth medium is not 
being inoculated with mold spores By hand and at specific points on the 
medium, but rather is being contaminated or polluted' by random falling of 
spores from the air. 

Mold growth will be most pronoi^riced when the tins are stored in a dark 
area and where the temperature is fairly uniform and warm. 
It is recommended that the tins be prepared on Friday so that mold growth 
will be apparent on Monday. This will give five successive days for\^^ 
readings . ^ 



IllU* 



1. At completion of seven days of recording and graphing were your predic- 
tions (extrapolations) in all cases correct^,. > 

Probably not - unless students -ajceiav^it^e.tiiat dat^ of this kind 
\rtien' graphed vill not result in/a- L£neai:*.graph* * 
2* If not, at vhat points did they fail? 

* It is doubtful that the student would predict ei€her £he exponential 
phase or the stationary phase. i-'"."'/ . 

3» What tentative explanations can you give for any fij^vi-ations frcsn a linear 
graph? , 

These explanations are in the iritrxxlucticrt tQ-.this chapter. 



Exercises 6-3 ' 

These graphs illustrate the typical " Sigmoid" ("S") curve of growth.^ ^In 
the case of organs and organifims, the stationary phase is a result of metabolic 
factors usually controlled by the inherent (inherited) genetic make-up of the 
organism involved. In popjilations, the limits ^are imposed by environmental 
factors - space, food available, accumulating toxic wastes etc. 



Answers: - 

1, Growth of Gourd Fruit 




0 2 1; 6 /8 IjO 12 U l6 18 
t days 




0 Vo 80 120 l60 200 
•t days 



115^ 



1^/ 



Seoaple Test Itess . 



1. What is one mathematical name for (2,3)? Anaver ; ordered pair or set 



2. 
3. 

k. 

6. 

0 

7." 
8. 

9. 

10. 



11 



In 
12. 

13- 
lU. 

15< 



Do 1[2,3) ancl (3,2) represent the same 
pointy in a plane? 

ifooid (3,1) aM (6,2) represent the 
same point on a plane? 

What is the name of the point which 
the axes have in common? 

In i?hich quadx'ant is the point vith 
co9^dinates (9>7)? 

In l^ich quadrant' is the point vith 
cooiiinateB (5,-^)^ 

Between which quadrants is the point ' 
with cooriinatee' {-hjO)l^ , ' 

.On th*e number line hoy many units 
apart are l^f and 9? 

On the number line how many units 
apart are 11 and -7^ 

If a' numbej: line is horizontal, -is , 
13 to the left or righ't of ' 17? 

!Ihe following problems require co- 
ordinate paper. Would suggest that 
the te^t copy have the coordinates 
on it. . 



► On the axis prepared, plot and . 
record the following points with 
both their letter and coordinstion 
(be neat). 

Af 10 , 10) Bf 10, 20) C( -5 ; 10) 

B(-7,-75 EC5,-5) 
Figure A, 

► How many units long is segment AB? 
» How many units long is segment AC? 

► Which segn'ent connecting any 2 oT 
our 5 points would pass through 
the origin? 

» Which quadrant has the most points 
marked? 



no 



no 



origin 



IV 

II and* III 

5 

18 

> 

left 
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^ (10,20) 




,•(10,10) 
A 


-20 • jj 
(-7.-7) •'10 ■ 


.E 20 
(5,-5) . 


15 


Figure A ' 
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sets of ordered pairs. After you have plotted' each 




Second Activity - Growth of Crystals . . 

Some teat:hers Jliay have used this sam^ type of solution in their y<^(i 
on coal or cinders. -The idea is not new. !Che authors can remenber seeiiig it 
years' ago. Several chemistsV who were friends pf the authors, were coniacted 
to deLemine the safety of its use. They^pon^luded that the solution ^sed in ^ 
the following sections is a chemical mixture and could he toxic, if- ta^en in- 
"^emallir^ The growth which develops is u very complex substance beUeved to 
be made up of very small crystals. This too could be toxic and care should be 
taken and students cautioned that this material should not cane in, contact with 
the jiiouth. 

The tolerance in the recipe appears to be considerable. No grea-t care 
need be taXen in measuring. Bluing appears to be the "unkriown" ingredient.' 
Our bluing bottle did not list the chemicals it contained. According to scsne 
sources bluing is made from "Prussian Blue." 
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Ttit growth will aJLao appear through the edges of the milk cartons* 
SSierefore all production shoald be over paper covered counters cr plastic 
topped counters. Pie tins serve well as protective containers of the "over- 

fiow*" ^ . 

Olhe authors arje sure that student ingenuity will discover many alter- 
xiat<e uses of the solution • Any porous substance seems to work. Even plastic 
. covered window screen "wicked" the solution up. 

?gg shells ere porous. If an egg is %lbwn" (insides removed) and 
filled with the ^solution an interesting growth jLay occjir. 

Ihe entire activity came about for a need to show rapid growth. This 
is of course not .living but it is a growth. Hopefully the student will devis 
other methods of production which can be measured . 

' !Rie following graph shows an area - time relationship of a growth as 
described in 6*k* _ ^ . * ' 
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il notice that very little mathcmitics is included in this section. 



J One reeson^^''' no easily measural)le method of pijbducti^n vas devised other than 
. the one .prepared in 6 A, Most math rooms do '^ot have devices for weighing or * 

analyzing materials i One good justification for the activity - tremendous in- 
. terest in the hourly and daily growth was expressed 'by other SMSG writers. 

They visited the ^fALT office frequently to "see what was going' on," If students 
' want tO;"get to their math classroom," just to see what has happened - if some 
new enthusiasm for the math period can he generated - then the activity has 
justified its existence. 

You may decide to have various groups working on the different activi- 
ties. -As it is a growth do not expect any two experiments to ccme out the same. 

Incandescent lamps will furnish heat to aid in the evaporation, A fan 
would also aid evaporation hut the air currents would prohahly disturh the 
growth , 
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Chapter 7 



SIZE OF CELLS AHD KEIABOIISM; 
SURFACE Am AKD VOICMB 

Teacher* 8 Conmentary 



. "^^"^^ inao^ough t^^ znedium of the relation^hip hetween eurface area and voluae,^ 



bfi^;^:thi?cad8, rf unity, diversity and adaptation are here confl^u^d* 

g» -1^^^^ teacher at this point , to emphasize a situation 

If ii - - ^iiiMcii/his yet mentioned* It should he ohvious that the hiological 



: *viwf6x«itl6n . "Which has been brought out so far has been presented by necessity 
^|x:hV' ^ fvltK^^ The iWLjor biological threads which have been woven 

^'^5' Trti^^ «i*3[*Ptation and metabolism,. touch ^ 

^^^^^;T^!.l^]ULgi^^ of the major areas of research in biological sciences today* 

:V science has been sa^.d to be entering a period of explosive 

f^^^^ iUiTeitopncixi and breakthroughs conqparable to that of atomic physics daring the 
b.^^:/^^*- IIJ^.jj^ Of the century. Progress in molecular biology during the past few 



^^^?^C:^;ye^ electric, mk (deo3Qrribo-nucleic acid), BNA (ribo-nudeic acid), 

.^^fy/.ja^i^'^^^ code; A!EP (adenosine-^triphosphate), and energy (for cell 

ffet: , division, protein synthesis, eteO) ecology (biological connamity relatlLonships, 
p6pdiation studies, and world biome concepts); and genetics* (again MA, "the 
cbde-'Of life" and population genetics) are areas under ii^ensive researchi 
'^ii;^ . TThey are all so closely interwoven "that it is ijogpossible to actually separate 
- /v ihpa.into categories as indicated above. They all hold so much promise for 
' .nan: elimination of disease, increase of life span, maintenance of vigor into 
advanced years, creation of fcome 8lir5>le forms of living thl^s, ireplacement of 
'\def active genes with sound ones, artificial photosynthesis, or even accelera- 
* tion of man*s evolution. 

The Excitement of being on this threshold of dramatic and '*earth-shaking" 
^events (even more iiaportant to man than the advent o^ atomic energy) has lured 
.»ai5/ chemists and physicists into the field of biological research. Discussions 
jof these topics have become more and more common in popular magazines such as 
' Idte and Reader's Digest . Paperback books on the subject are becoming more and 
^ myrt plentiful at book stores and newsstands . ^ ' 

Since molecules peculiar and vital to life are throughout the cell and are 
in a constant, state' of '*flux,",that is, the whole cell is dynamic and' con- ^ 
stantly changing, new materials must reach them constantly. The relationship 
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l)etveen surface area and volume, then, beccaaes extremely^ important. If a 
.cell becoiDe& larger than optimum, its metabolism slows, btit usually the cell 
divides into two b^efore this state is reached. An elephant •s cells are the 
same size as those of a mouse. He »5ust has more of them.*' If the students 
should bring up the ostficfi^egg (or any other egg)-, vbich is one cell— the 
largest known in the world today— it is iir^rtant^to point out to them that 
only an extremely minute portion of the egg is alive . The rest is* stored fbod, 
hei^ there for the developing embryo. Incidie^. , ally— the shell is porous— to 
allow exch^ige of gases. A chick embryo will die if the shell is coated with 
vaseline. " 

7 >2* Activity > Construction of. Solids n 

* A regular polybedron ; the cube 

The surface area - voTLume relationship of various sized'cubes will be used 
later in the chapter. It is suggested that various sizes;be made (i.e., two or 
three students each make one size, two or three each make another size, etc*) 
so that comparative relationships and differences can be seen x^en a master 
table is used for all data. Recommended measure for starting squares of paper 
would be 22 in., 20 in., l8 ip., l6 in., ... k ip. Paper^squares larger than 

8 inches per si demean be cut from newspaper* A full double sheet is needed 
for the larger squares. It is not anticipated that students will have diffi- 
culty i.i actual folding of models. Students are asked to ^flnd a relationship 
between the measure of an edge of the cube and a measure of an edge^"i)f ' the 
starting square of paper * They should discover that this relationshiJP^is 

' 1 to the cube edge being ^ of the edge of the square. 

Exercise 7-2 
Comprring Measures of a. Cube , ^- 

Thi^ exercise is. included at this time to help students gain an apprec- 
iation of the fact that the rate of decrease cf volume is considerably greater 
than the rate of decrease of surface area as the size of the cube is decreased. 
This relfitionshi? is finally to be coii5)ared to cell size and shape. 

Complete the following table by filling in calculated values for the 
question marks. 



X J ly 



\ 



1^' 



Table 7-2 
Surface Area and Volume of a Cube 



Eage of 
Cube 

(sY 


Surface Area 
in square inches 


Volume 
in 

cubic inches 


Ratio - 
S. A. /Volume - 


12" 




1728 


1 : 2 




i486 


216 


1 : 1.5 


6" 


216 




^"^1 : 1 


3" 


3h 


27 


1 : .5 


2" ' 


2k 


B 


3 : 1 


1" 


6 


1 


6 : 1 



Following the construction of cubes, the students are given an opportunity 
to cpnBtruct other polyhedrons to siudy the relationship of area and volume as 
these figures approach the shape of a sphere. 



7.21 Construct ion , of Regular Polyhedrons 

The five known regular polyhedronr, are included in this chapter, for 
several reasons: 

1. Historical interest. 

2. Relative ease of cor^etructing the "nets" (floor plan of the solids. 
Fig. 7-21, b and c). 

3. Mathematical applicatlor.c of "net" construction, the use of pro- 
tractor and ler in construct^' of ^ontagons and equilateral 
triangles . 

^. Interer*. of building some geometrical figures. 
5. Comparisons of surface area and"^ volume. 

^ rhe regular soliJs may be constructed with almost any length of euge. 
To compare them afoainbt eacn otner, however, requires either volume or surface 
area to be c:onstant iov all of them>^ If the following dimensions are used as 
edge raeasares, the volumes arc r^^latively coTistant and the surface area de- 
creases as the r.Lonter of faces increases. For tue suggested dimensions, the 

volumes very less trian -2"r i^er^ent. icu may use a constant factor and in- 

^ ' 1 

. crease ail of the edge measures by 1- , 2 or 3, etc. 




•As the con^arlBon is between surface area and volume, one proper compari- 
son vould be to use a given volume for all and then compare the needed surface 
area to encompass it . By substituting 1000 cm in each volume formula, we 
can find the iz^asure of the edge for each solid. Using the measure of the 
edge computed in the surface area formula we find the total surface area. The 
following table does that (maintaining only 3 significant digits). 



Volume 



Surface Area 



Tetrahedron 



Volume of Tetra «« .ll8s^ 
1000 cm^ z .118b^ 

20.4 cm a s " 



if s 3 20. U cm then 
S.A. « 1.732 X 20. 

1.732 X Ul.61 
M 721. cm^ 



Hexahedron 



Volume of Hex = 1.00 s"' 
1000 cm^ = 1.00 8^ 
10.0 cm = s 



if s = 10.0 cm then 
S.A* = 6.000 • 10.0^ 



= 6oo 



cm 



Volume of Oct a 
J 



1000 cm' 

2123 s 
12.8 cm ;j 8 



.U71s^ 

hi 
3 



Octahedron 



if s 2 12.8 cm ' then 
S.A. « 3.^^^ • 12.8^ 
» 568 cm^ 



Dodecahedron 



Volume of Dodeca n 7*66 s^ 
1000 cm^ n 7.66 8^ 
130 « 6^ 
5.06 cm « B 



if s - 5«06 cm then 
S^A. « 20.6U6 • 5.06^ 
529 cm^' 



Icosahedron 



Volume of Icosa • 2.l8 s 
1000 cm^ « 2.18 8^ 
U59 « 8^ 
7.71 • s 



if 8 s 7.71 cm 



hen 
2 



S-A. = 8,660 . 7.71' 
2 

« 515 cm 
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Table 7-21 
When Volum e Remains Relatively Constant 



(taken from above calculations) 



Jro xyne axon 


Measure of 
edge X 3 


Total Resulting 
Measure oi 'HiOge 


Resulting S.A. 
2 

mm ' 


Resulting Vdlume 
( constant ) 


Tetrahedron 


20. ^4- mm 


6l mm 


6,kkk 




Hexahedron 


id mm 


30 mm 


5,^00 


27 i 000 


Octahedron 


12,8 mm 


38 mm 


5,002 


25,81^5 


Dodecahedron 


5.1 mm: , 


15 mm 




25,862 


Ico§ahedron 


7«7 Dsn 


23 mm 


i^,58i 


26,548 



/ Note decreasing S.A as volume remains relatively* constant. 



* ''^•3 Surface ' Area Formulas for Regular Solids 

Ansvers to Table 7-3a: Surface Area if edge measures 2 inches * 



Table 7 '-3a 
Reffllar Polyhedrons 



1 


Number 


Number 


Number 


Shape 


Surface Area 




of 


of 


of 


of 


vhen Edge 


Polyhedron 


Faces 


Edges 


Vertices 


Face 


Measures 2 in, - 


Tetre' di-on 


I; 


6 


k 


triangle 


6.928 sq, in. 


Hexenedron 


6 


12 


8 


square 


21;.. 000 sq. in. 


Octahedron 


3 


12 


6 


triangle 


13.856 sq. in. 


Dodecahedron 


12 


30 


20 


pentagon 


82.58i^ sq. in. 


Icosahedron 


i 

20 


30 


12 


triangle 


3l;..6i;. sq. in. 



The objective here is to develop the formulas for areas of these figures 
when the measure of the edge is the only data given. 

The use of compass, ruler, and protractor is needed in this section. 
Some review of their use may be in order. 
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Each student should do the constructions of equilateral triangles, penta 
gops, etc, ' ^ 1 

Some of the fomsula development may seem to be too in^iolved for eighth 
. tgaraders^ It could be if pushed throujgh. After each student has read through 

the material, slowly develop the formula on the chalkboard. 
' Give reasonable justifl cation for each stepC 



lythagorean Property 



lUscuss each step. . 



3 find the height 
roven as a theorem. 



The lythagorean Property is introduced here in order t 
of the equilateral triangular faces. The property is not p 
It ie merely recognized and used. 

Many students are already familiar -uith the property efad if the entire 
class is comfortable with it, the teacher may wish to move /on rapidly. If not^ 
familiar, suggest a student project --have each construct ySquares of tagboard, 
3" square, V* squar^^ and 5" square. Wnen. placed togetl)^ they form the faxa- 
iliar lythagorean triangle. 

Exercise 

1. Show for each sef thax the square of the f;i^st number is equal to the 
sum of the squares of the other two .lumberls, for 'example, in the set of ^ 
numbers 10, 8, and 6. ^ 




10 = 100 



thus. 



3^ + 6^ - 6i+ + 36 = 100, 



10^ . 8^ . 6^. 



(a) 5, ^, 3 

(b) 13, 12, 5 



(c) ' 25, 7, 2k 

(d) 20, 16,J 12 ^ ' 



Answers 
.2 



(a) 5' 
25 = l6 + 9 

25 = 25 

(b) 13^ = 12^ + 5^ 
169 = Ihk + 25 
169 = 169 



U) 25^ 

625 

625 

(d) 20^ 

uoo 

i*00 



7^ + 2k^ 
U9 + 576 
625 

16^ . 12^ 
256 + Ikk 
1*00 
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Make a drawing of the triangle with the sides of length givsn in peirt (a) 
6t Pi^oiblem 1. *U8e youi^ protractor to show that this triangle is a rifeht 
triangle* (Use cm as the units.) 



Ana 




3 cm 



, k cm 

Draw r^ght triangles, the lengths of whose shorter sides (in centimeters) 
ar^: 

(a) 1 and 2 (b) k and 5 (c) 2 and 3 ' 

Measure, to the nearest one-tenth of a centimeter if, possible, the 
lengths of the hypotenuses of these triangles. 




2.2 cm 



(b) 



2 cm 



k cm 



(c) 



3.6 cm 



2 cm 





6. if cm 



5 cm 



3 cm 

Use the lythagorean Property to find the area of the 8q.uare on the 
hypotenuse for each triangle in Problem 3, 



Answers : 



(a) 5 cm 



(b) hi csi 



(c) 13 cm*^ 



2 2 
1^ + 2"^ = 5 



+ 5^ = ill 



2 2 
2'' + 3 = 13 



ill 



Ttie proof of the theorem by lythagoras allows ua to use it several ways. 
It is sometimes difficult for an eighth grader to see the difference between a 
theorem and its converse. Some simple illustrations will demonstrate that not 
all theorems work **both ways J* ^ 

' 1» • All horses are animals 7 Are all anfinals horses? 

2» All fish have scales. Do all scales have fish (even the scales in 
your grocery store)? - ^ . 

Go over the three statements pertaining to the property with the students. 
The "If -then" should be einphasized. 

» 

This approach to square root is based upon an iteration system. Many 
text books use this method entirely. If you desire, this is also a logical 
place for teaching square root by the traditional algorithm. By iteration, to 
find the square root of a number, the student alternates division with averaging* 

,To find the square root of 20: 



(1) Divide 20 by the closest 
gaessed divisor. 

5 

k [20 
20 
0 



(5) Divide 20 



U.U5 



by new divisor. 
k.k9 



20.0000 

17 89 
2 200 
1 780 
"5200 



(2) Average divisor and quotient, 
i U + 5 = 9. Average = U.5 



(6) Average: 



(3) Divide 20 by new divisor. 
k.k 

18 0 
a 00 
1 80 



(7) Repeat until the desired number 
of significant digits is obtained* 



(U) Average div5sor and quotient. 
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Exerciae 7-^b 

When approximate values are used in these problems, use the symbol » 
in the wrk and answers. ' 

1. Use the table of squared and square roots given at the end of this 
chapter to find the apjlroximate value of: 

Answer: 

(a) .V5 » 2.236 (d) 9.592 

(b) M - 6.iK)3 (e) /f « 2.6I46 

(c) VI3 « 3-606 ^ (f ) - 1.732 

2* Using the division method described in 7*^ f'ind the approximate ^square 
root of the following numbers to* h significant digits. 

(a) V27 « 5-156 (d) V5BT5 « 8,276 

• (b) Vff« 8.775 (e) 79:99 » 3.161 

(c) ^ ^ 11.79 

3. Using the table of: square roots, find the approximate value of: {3 places) 

(a) -A.a - ■ 

M /f .§=1.67 W /J./J-SS 

k. Use the Pythagorean Property to find the length of the hypotenuse for 
each of these triangles. 

Xa) ■ Length of a is 1"; length of b is 2" . 
'^^^{br Length of a is length of b is 5' - 

(c) Length of a is 2"; length of b is 3" . 

(d) Length of a is 5 yet, and the length of b is 6 yd. 

'e) Length of a is F unit and the length of b is 3 units. 



. 131 





'.(continued) 



' Answers: 

. (a) « '+ (c) = 1^ + 9 

2 2 2 2 ^ 

^c"^ « r + 2 c » 13 

= 5 in. c = vTs = 3.606 in. 

c « v5 » 2.236 . 

(b) = + 5^ (d) := 25 + 36 • 

c = /a ss 6.1*03 ft.' - c n VST » 7*810 yd* 

(e) = 1+9 
2 

c = 10 

c = VTO « 3*162 units 

. Sometimes the hypotenuse and one of the shorter sides is known. How cAn 
you find the length of the other side? As an example, use this problem. 
The hypotenuse of a right triangle is I3 ft. and one side is 5 ft. 
Find the length of the third side. 

13^ = 5^ X b^ ' Substitute valuesvfor "c" and "a." • 

13^ - (+5^).= 
. 169 - 25 = b^ 
Ikh = b^ 

12 = b. Therefore, the third side is 12 feet long. Find the 
tMrd Bide of these right triangles. The measurements are in feet. 



(a) c. 


15, b 


= 9 




C - 


26, a = 2U 


' (c) C m 39, 


b =: 15 


Answers : 
















(a) "c^ 


= a2. 




M 


26^ 




(c) (39^ = 


2 ,-2 

a + 15 


if 


= a2. 


f 




676 


= 576 + 


IW = 


2 

a"" + 225 


if 


-f- 






100 


= b2 ' 


l296^= 


2 

a 


225 


- 81 = 


2 

a 




10 


= b 


36 = 


a 




Ikk = 


2 

a 














12 = 


a 
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"^'M^el^^ Is steadied by three guy wires • Each wire Is to he | 

i Site|ie4 1^^^^^ pole at a point 15 ft* ahove the ground and anchored 
'^o.ihe>e 8 £t» from the base of the pole* How many feet of wire 
'lure^jiee&d^ stretch 3'^wires from the ground to the point on the pole 
^.it.itfeich. they are fastenedS^ ^ 



/.rAriswer: 



2 2 
c-^va a^ + h"^ 

c^ « 15^ + 8^ 

= 225 + 61f 

2 

c 
c 



289 
17 



3 X 17 ft* = 51 ft% total 



;A roof op a house is huilt as shown. How long should e^ch rafter he If 
it extends" ,l6 inches over the wall of the house? 



j(&WGr 





rafter = 1? ft. + I8 in. I6 ft. 6 in. 



8» A hotel builds an addition across the street from the original building. 
A passageway is built between the two parts at the third- floor level. 
The beams that support this passage are ft. above the street. A 
crane operator is lifting these beams into place with a crane arm that 
is 50 ft* long. How far down the street from a point directly under 
the bemn should the crane cab be? 



Answer: 



50^ = + \? 
2506 - 230U'= 
196 = 
1U» = b. 



lU feet 
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A.^aiin gat.e is ^ ft. wide and ^ .ft* high* Hov: long shoOld the 
tnce that extends from C to D he? \ 

\ • 2 2 ^2 \ * 



c s « or 6 ft. 5 in. 



10» How long is the throw fxpo, home plate to second hase in a softhaliv game? 

•'The "bases are 60 ft. apart, and a softhall diamond is square in simpe. 
/ ' '» \ 

Give your answer to the nearest whole foot. (Ignore the curve or arc\of 

V , the hall.) " 

2 " 2 2 
Answer: c *= a + h 

c^ « 60^ + 60^ ' ' ' 

c^ = 3600 + 3600 

z - = 7200 

c = V7200 » 81^.653^ (85^ to the nearest 
whole foot) 

11. Draw a square whose sides are one unit long. Wh t is the length of the 
diagonal? Check hy measurement. Now draw a right triangle with the 
sidfes 1 unit long. What is the length of the hypotenuse? 

Answer: 




1 ^ 1 



7.5 Surface Area of Equilateral Tri angle 

When an equilateral triangle with 2** sides is divided into two right 
triangles, then the line segment represented as b will he 1". (See 
Figure 7-5a in student text.) When angle XZY is bisected, and the bisecting 
line is extended through edge XY, two congruent right triangles result. 

l^e discussion on construction of formulas is included to enable the 
students to arrive at surface areas of the models they have constructed. 
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Eicerclse 7*^ 

Vhat is tjie area of an equilateral triangle if the laeasare of its edge 
ie 3" ? * • 

Answer: 3*897 in.^ at 3.9 in.^ 

If an equilateral triangle has an edge with a measure of k.V^, what 
would be the area? 



Anawer: a 7.27873 in-^ m 7,3 in.^ 



Given an eqtuilateral triangle with edge measure of ^" , \rtiat would he 
the area? 

-Anawer: « 0.027 in.^ ^ 

If the area of an eq.uilateral triangle is 10,825 in, , what would he 
tlje approximate measure ^of its edge? 

Answer: » 5 in. ^ " ^ 



5. Brain huster, Given equilateral triangle ABC, with altitude CD and 

p » ' *- 

area of 21.2770 in. Find the measure of AB and CD. 

Answer: AB « 7 in. 

CD « 6.06 in. 



6. A regular tetrahedron with an edge measure of k cm. • has a surface 
area of" « 27.7 cm^. 



1^ • 



7. Find the surface area of a regular tetrahedron whose edge measure 
is U". z 209.6 in.^ 

8. If the surf ace area of a regular tetrahedrorr is 339. U72 in.^ , what 
is the measure of its edge? 1^ in . 

9. Surface Area - Tetrahedron, Octahedron, and Icosahedron. 
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Exercise 7-51 





Number of 








Area 


of 




\ 4 Faces 




Measuresient 


Face 


'Tetrahedron 


— 1 


Triangle 


3 


inch 


3*897 


in^ 


Hexeibedron 


6' 


Sq.U€a*e 


3 


inch 


9.000 


in^ 


Octahedron 


- 8 


Triangle 


3 


inch 


3.897 


in^ 


Dodecahedron 


12 


Pentagon 


3 


inch 


15.if8 


in^ 


Icosialiedron 


. 20 


Triangle 


3 


inch 


3.897 


in^ 



Total 



15.588 in 
5U.OOO in^ 
31.176 in^ 
165,76 inf 
77.9^ in^ 



J/F.F. This geometric figure when cut and realigned appears to change ar,ea.^ 
It can he put together as two "triangles'' 5" X 13"v flowever, the 
figures are not triangle^ The hase is 5" $ the angle is a ?ight 
angle and thTTther side is 13", but the third side is not a straight 
line. It goes "in" a bit. If put together careiMlly, the extra square 
' inch' can be seen in the gap between the^ sectors. \. 




extra eq. in. 



7.6 Surface Area of a Begular Dodecahedron ' 

The pentagonal faces of the dodecahedron are constructed with a pro- 
tractor and ruler. Some student may ask about construction of a pentagon with 
only a compass and ruler. This is an involved construction but can be done. 

The reference to trigonomotry seemed necessary to develop the fomula 
ror area of a pentagon. In Sections 9-1 and 9-2 of SMSG Mathematics for Junior 
High School , Volume II, this concept of trigonometric ratios is presentea very 
nicely. Rather than lengthen the section on areas, w« choose to use the 
infoxioation and refer to later studies of trigonometry. 
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|>;|;;::^'J^ / . ' ' Exercise 7-6 

I; ,.In:a regular pentagon with a aide measurement of 5 in*, find the area* 



:^ If tlbe aide of a regular pentagon has^a neasurement of 7 in., ^ find 

?^V^" V3# With a length of side 3o in., find the area of a regular pentagon. 
:^ . •ii-a.l In/ 



Skjl^l'to^A _If the perimeter of a regular pentagon is kO cm., what would be 
t t ^ ; ««aT » 110 cm 

^^'rvpij; '!nie perimeter of a regular pentagon is 25 in. Find the area. 

If the area of a regular pentagon is 208»12 in. , find the length 
ffl; of one, side. « 11 in. 

Find the periiiieter pf 'a regular pentagon if the area is U97*08 cm. . 



g 85 cm. 



8. A dodecahedron is a regular solid with 12 pentagons as its faces. 

Find the surface area of a regular dodecahedron which has an edge Vith 
I a measure of 6 cm. » 7^3 cm. 



7»7 Volumes of Regular Polyhedrons » 
1^. . The foimilas for volume of regular polyhedrons required more mathematics 



than would he at the disposal of eighth graders. The Table 7-7 is included 
for them to use in finding and comparing volumes to volumes, and volumes to 
.surface areas r 
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Exercise 7-7 

Use Table 7-7 "Surface Area and Volume of Regular Folyhedrone" for needed 
information • 

* Example ; If an octahedron had an edge measure of 2 in., its surface 

area yould be computed by substituting into the formula tor surface 
area of an octahedron ♦ 

S.A^.^s 3.h6k X s^, s = 2 in./ therefore, 

S.A. » 3-^^ X 2^ » 3.^^ - 13>86 in.^ 
'Vol. » .^71 X 2^ ?i 0.U71 X 8 » 3J7 in.^ 

1. A tetrahedron has an edge measurement of 2 in:' 

(a) Find 'its surface arSk. (b) Find its volume. 

S.A. « U X .U330*x ^ Vol. •» .118 X s^ 

z h X .ii330 X 4 ^ , - .118 X 8 

« 6.928 in.^ ' , « .9^^ in. 3 

2. Find the surface area of a dodecahedron whose edge measurement is 50 mm. 

Ansver: S.A* ^ 20.6U6 x s 

z 20.6k6 X 50^ 
s 51,615 mm 

3. What is the volume of an icosaftedron which has an edge measurement 
of 3 cm.? 

Answer: Volume a 2.182 x s^ 

= 2.182 X 3^ 
= 2.182 X 27 
3 58.911* cm^ 



Find the surface area and volume of an octahedron which has an edge 
measurement of 5 cm. 

Answer: ^ S.A. ^ 3-^^ x f 

z i4£k X 25 ^ 
25 86.6 cm^ 

Vol. s .i*71 X s^ 
z, .U71 X 125 
z 58.875 cm^ 
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7»B Cpinparlson of Surface Area and Volum e 



The cube was returned '\to in this section because it 
(l) can be used au a good comparison of difTerences in ratio between 
surface area %nd. volume; 

{2} the formulas for surface area and voltome of a cube are not involved; 

(3) the paper folding construction of cubes could be easily made 
without glue; 

(h) in paper folding, the ratio of area of needed surface to coustruct 
a finished surface is a constant. 



Table 7-8a 



Volume and Suz^ace Area of a Oabe [S.A. = 6s ; Vol 



s3] 



Measure of the 
Edge (inch) 


Surface 
Area 


Volume 


Ratio 


S,A. 
Vol. 


Decimal Equiv. 
of Ratio 


12 


86k 


1728 




: 2 


.50 


9 


h86 


729 


2, 


: 3 


.66 


6 


216 


216 


1 


: 1 


* i.OO 


3 


51* 


27 


2 


: 1 


2.00 


1 


6 




6 


: 1 


6.00 


.5 


1.5 


.125 


12 


: 1- 


12.00 


.1 


.06 


.001 


60 


: 1 


60.00 


.01 


.0006 


.000001 


600 


: 1 


600-00 


.001 


.000006 


-OOOOOCOOl 


6000 


: 1 


6000.00 



Table 7-Sb 



Name 


Number 

of 
Faces 


Length 

of 
Edge 
(in mm) 


Surface 
Area 
Formula 


Surface 
Area 
2 


Volume 
Formula 


Volume 


Tetrahedron 






1.732 X 6^ 


\v 

6hhk 


.118 X s^ 


26,78^4 


Hexshedron 






6.000 X 


^hOO 


1.000 X s^ 


27,000 


Octahedron 




39 


3.146^ X s"^ 


5002 


Ml X s^ 




Dodecahedron 


i:: 




20.6ii^ X s " - 


U645 


7.663 X s^ 


25,862 


Icocahedrou 


. 0 




3.660 X s"^ 


U58I 


2.182 X s^ 


26,5^8 
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Table X 

Surface Areas and Volumes of Regular Polyhedrons . 





Nuaiber* 
of Paces 


Shape 
of Paces 


Surface 
Area 


Vbltuae 


Tetrahedron 


h 


A 


1.78^ 


.183 


Hei^shedron 


6 


n 


o.OOs^ 


l.Os^ 


Octahedron 


8 


A 




• .8b3 


Dodecahedron 


12 


O ^ 


20. 6s^ 


7.76-3 


Icosahedron 


20 


. A 


.8.7s^ 
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If we try to see a pattern froa the above table, it gives us most incon- 
clusive results. The nunbers ox" faces increases from h to 6, 8, 12, 20, 
but if we use a unit value for ib the surface area goes from 1 to 6, 
down to 3, up to 20 and down to 8. The volume also goes from .1 to 1, 
down to .8, up to 7.7 and down again to 2.1. 

Because of this seeming lack of a pattern , a unit volume was chuaen 
rather than a unit edge . Give a specific volume , the reqiilred surface area ta 
contain it decreases as the number of faces increases . (See Table 7-21 in 
Teachers* Commentary.) Solids constructe*d with edge measures suggested in 
7.21 will have an approximate constant volume and decrease in surface area as 
the number of faces increases. . ^ 

It has been demonstrated with the calculus, that a sphere is the optimum 
shape to enclose a given volume of material. Soap bubbles demonstrate this 
fact clearly. A film of soap encloses a given volume of air. Its natural 
elasticity causes it to contract and shape itself into the least surface area 
for that volume of air it encompasses. Continuing our table to include 
spheres, we have. 

Volume of sphere = ^« If r 2: 6.2, then 

1000 = U.l89r^ Surface Area « 12.57 • 6.2^ 

239 « r^ Surface Area a W3 cm. 

6.2 ^ r 

Comparing the surface aVeas of the 5 regular polyhedrons, we find with a 
given voluzne each in turn requires less surface to enclose the volume. The 
converse wou±a also be true. With a given surface area , the icosahedron would 
enclose a larger volume of materia] than the next, and so on. 

ihO 

1 ' ■ • 



^4¥'V Given: 



7,000- 



0) 
CO 



0 



6,000- 



4; 



5,000- 



If, 000. 



Exercise 7-8 



if 8 12 26 
Number of Faces 



20 



3if,000 
32,000 
30,000 



:S 28,000 



26,000- 
2U,0CO- 



22,000. 



20,000 i 



0 



8^ 12 16 20 
Number of Faces 



Graphs of Data from Table 7^, Student Text 
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Exerci se 7>8 ( continued ) 
Answer the following questions: 

1. Do the t-olnts plotted In Graph A approximate a straight line? No 

2. Which flgu. ^ has the greatest Surface Area? Tetrahedron 

3. Which figure has the least Surface Area? Icosahedron 

Do" the points plotted in Graph B approximate a straight line? Yes 
5* What could you "generalize" from Graph B? Same capacity for all 5 solids > 
6* What can you generalize from Graph A? Decreasing surface area as number 

of faces increases. 

7. if a solid had 3 faces, would its surface area be more or less than the 
surface 'area of a tetrahedron of the came volume? More. "If" is emphasized^ 

8. Could a 'solid have 3 faces only? No^ 2 faces? No^ 

9. As the number of faces Increases, what could you say about the surface 
area? Etecreasest ^ ' * 

10. Could a solid (not necessarily a regular solid) have more than 20 faces? 

11. Could a solid have an infinite number of faces? Yes. 

12. What solid would appear to approach having an infinite number of fpces? 
Sphere 

13. You have a contract for $10,000 to package 1000 cm^ of ambergris. The 
packaging material costs $20 per sq. cm. What "shape" package would 
you like to use? (You get to keep the money you don't spend on 
packaging.) Sphere 

Ik. Tough - Using the informatiori\in Problem 13, what is the most amount of 
money you could expect to make? 
Answer: V = r^ Volume = 1000 cm^ 

1000 = ^ n r-^ Area of sphere = knr 

z k ' 3-1^ ' 6.2^ C$20) 

1000 • 3 ^ 

J = ^ a $9656 cost of packag- 

^« Ing t/ith a 

sphere . 

$1000 - $0656 - $3^^^ max. profit 
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7*9 Applications to biology 

The answers to the problems where --tudents are asked to determine the 
ratio between surface area and volume of cells are: 

Plant celL, a cube with a side measurement of .002 inches 
would have a surface area - volume ratio of 30OO. : 1. 

Animal cell with a diameter of .008 inches would have a ^ 
surface area - volume ratio of Ikl : I* ' 

Animal cell with a diameter of .016 inches would have a 
surface area - volume ratio of kOO : 1. 

These results could lead to some very interesting class discussions on 
the subject of cell size in various animals and plants. It is important that 
the teacher realize that,, in a discussion such as this, questions may arise 
tbat^only a specialist in the field of cell physiology might be able to answer. 
If questions of this nature arise, it might be wise to inform the students 
that, in today's rapid increase of knowledge, no one individual could be 
expected to know all the answers. 

/Lf cells were to continue to grow indefinitely metabolism would become 
Blower and slower as less and less material reached the center of the cell^and 
less and less wastes were removed, until ultimately dlsath would result. Again, 
the cells in an elephant and in a mouse are the same size, and very nearly 
alike. One of the astonishing facts about living things is their basic sim- 
ilarity. All of the cell processes (cell division, protein synthasis, use of 
ATP for enex^gy, etc. ) have been found to be basically alike in all living 
things. It is only in specialization that one finds the startling diversity 
amons single-celled organisms as well as multicellular. 

Some examples of specializatior. in living things are given in the follow- 
ing paragraph. 

A Paramecium is one-celled, slipper-shaped, has cilia (tiny hair-like 
structures) for propelling itself through water. An Amoeba is one-celled, 
constantly changing shape, and propels itself by a flowing motion An 
aiglena is one-celled, somewhat oval in shape, and has long thread-like 
flagellae for locomotion. Euglena also have chlorophyll for food manufacture, 
as well as a gullet for food intake. A Jellyfish has tentacles for food 
capture. An octopus has tentacles also, but is extre.nely complex compared to 
a Jellyfish. A starfish ejects its stomach into a bivalve (such as a clam 
or mussel), digests and absorbs the tissues in the bivalve, then withdraws 
its stomach. An aphid pierces *the plant cells with its "beak," then sits 
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^quietly and lets the pressure withiti the plant pump sap 'into its body. A 
butterfly diphons nectar from a flower through a long tube. A grasshopper 
chews grass and other leaves. A snake swallows its food whole. A baleen 
whale takes a great rinouthful of water, then allows it to flow out through 
its "strainer," the baleen, and eats the plankton it has thereby trapped. 
Green plants manufacture their own food, but some are tiny (like mosses), 
have no true roots and reproduce by spores instead of seeds. Such examples 
could go on and on, but the point here is that despite these numerous special- 
izations, the cells making up. these organisms are basically alike and dependent 
upon the same basic chemical reactions. 

In answer to the q.uestion pertaining to yeast: 'Metabolic rates vary 
according to temperature in what is known as the Q^^^ ratio. As in some 
other chemical reactions, the rate approximately doubles as the temperature 
is' increased 10° C. Student tests m^ght show this tendency, but probably not 
to +his degree of precision. 

The rate of metabolism in larger anipals is in general related to the 
surface area available. for heat dissipation. Hence, the smaller the animal 
and the greater the surface area per unit of volume, the greater the loss of 
heat per unit of volume. For this reason more food must be taken ift and the 
heart must beat faster for circulation of foOd and oxygen and removal of • 
^ wastes * 

Hummingbirds and bees are among the smaller land organisms which demand 
a very high rate of metabolism so need either more food or more higiily con- 
centrated food. 



Sample Test Items - Chapter 7 



Given: 



Surface Area 
Formula 



Volume 
Formula 



Regular Tetrahedron 


1.732 X s^ 


' " — ■ — 

.118 X s^ 


Regular Hexahedron 


2 

6.000 X s 


1.000 X s^ 


Regular Octahedron 


2.h^.h X s^ 


.1*71 X s^ 


Regular Dbdocahedron 


20.6i46 X s 


7.663 X s^ 


Regular Icosahedron 


8.660 X s^ 


2,lo2 X s^ 


Sphere 


12.56 X r^ 


U.I87 X r^ 




Use the above table to fill in the following chart : 



1, 
5. 





Edge' 


Surface Area 


Volume 


i\egujLari JLeuranearon 


d\j ,cnx» 






Regular Hexahedron 


10 cm. 






Recular Octahedron 


T"^ 






Regular Dodecahedron 


^ 5 cm. 






Regular Icosahedron 


7.5 cm. 







Round off to 
the nearest 
unit 



Answer: Surface A. cm 



693 
600 
585 
51^ 



Volume cm 

9kh 
1000 
1035 
958 
921 



Use the above irformation to complete the following two graphs: 
6.' 7. 



0) 

<I> 



0) 

a 



H h 



Number of Faces 




-H I I —h- 1 H 

Number of Faces 



1300. 
1200. 

uoo- 

1000- 
900- 
8oo. 

.700. 
8600' 
500^ 

3P0. 

200-- 
100.. 



1300^4 
1200 



' giodb" 
» 900-- 
I 800- 

I 

> 600-- 
500-- 
uoo 

300 
200 
' 100 



M t I ( i t I r ; ' ' ' 

2 k 6 6 103211^ l6 3iJ20 22 
- No, of faces 



^ . I \ i - 4 I I I i I i- 



2 k 6 8ioi2ii^i6]Ba:)22 

No, ot. faces 



8* What is the surface area and the volume of a sphere with a radius of 
1 cm,? 

(3 places) « « 3-1^ ^ 
Answer: 



S,A, = knr^ 1^ • 3.1^ ' 1^ 



12.56 cm.' 



vol, .^«r3.i . 3.11. • l3 



i^,17 cm,' 



What is the surface area and the volume a sphere with a radius 
of k cm.? (3 places) » 3«1** 

201 cm," 
268 cm.? 



Answer: 



S.A. 



knr^ M li • 3.11* ' 16 « 201 cm.^ 



Vol, =1 ^3 • 3^1^ • 61* « 268 cm.3 



10, If a sphere has surf ace area of 1*20 m.^ .and a volume of ll*00 mm^ 
what is the approximate ratio of surface area to volume in decimal 
notation (nearest tenth). 

» Answer: iuqq " 



r 




lk6 
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r i". ' ,^ Uae the Pythngorean Property to find the length of the hypotenuoe for 

ti^X' ' ^^^^ot these triangles^ Find answers to nearest tenth (a^ + = c^)* 

my 

.11.' Length -of a is V*; length of b is 6": 7.2 in. 

I 12. Length of a is 13"; length of t is 15"; i9»S in. 

1^' , 13. Length of a is 60>; length of b is 6o*; . 8U.9ft. 

g;; ^ lif. Jiength of a is 7"; length of b is 12"; 13. 9 in. 

|4; 15. Length of a is 32»; length of b is 23*; 39. U ft. 

Pi. . 

Find the third side of these right triangles. Find answers to 
|1 ' nearest teath. (a^ = - b^) 

^ . 16.- c = lif ft.;, b = 7 ft.; ^ 12.1 ft. 

1^ 17- c = 128 ft.; b = 13 ft.; ' 127.3-ft. 

fe' 18. c « 7 ft.; b = 3 ft.; 6.3 ft. 

f; 19* c » 9 ft.; b = 2 ft.; 8.8 ft. 

|;\. 20. c = 5 ft.\ \> ^ k ft.; ' 3 ft. 

I , Find the area of the following equilateral triangles. 

] tArea « .4330 X s ). Find answers- to nearest tenth. 

? 

\ 11. Length of edge (side) = 5 Inches 10.8 sq.^in. 

k ' 

12. Length of edge ~ 8 inches 27.7 sq-.in. 

13. Length of edge = 11 inches 52. U sq.in. 

\ Find the area of the following regular pentagons (five equal sides). 

V 2 ' 
Area of regular pentagon » 1.720 X s . Find answers to nearest tenth. 

Ik. Side length = k in. 27.5 sq.in. 

; 15. Perimeter = 50 in. 172.0 sq.in. 

f 16. Side length = 9 in. 139-3 sq.in. 
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Find the area of the following dodecahedrons (12 faces, each face a 
-regular pentagon). (20.61*6 x s ) Find answers to nearest tenth. , 

It. Edge = 13 cm, , r 3^*89.2 can/ 

. 18. Edge = 3 cm* - '185.8 cm/ 

19. Edge = 7 m. ' * ^^^-"^ ™* 

20. Edge^= 2 mm. 82.6 mm.' 



Canplete the following table: 



Edge of 

^Cuhe'-; 


Surface Area 
in sqt. singes 


-* Voluine in 
Cubic Inches 


Batio- 
S.A»/Volume 




A 


13,82if 


B : 1 


15" * 


1350 


C 


D : 1 


12" 


861^ 


•1.728 


1 ; 2 


9" 




729 


F : 1 


G 


150 


125 


1 :.8 1.2 : 1 


H 


2»f 




.3:1 


J 


K 


1 


6 : 1 



Answers: 



-3'^56 

.25 

3375 

1+86 
~ .67 

5 

2 

8 

.1 

6 
1 



1J»8 
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Chapter 8 
GIAOT TREES: 

POPMULA CONSTRUCTION FOR VOLIME OF CYHNDER AND CONE, 

I 

INDIRECT MEASURIMEKT 

Teacher's Comnentary ^ 

8.1 Introduction 

The information on the big trees was obtained from two articles in the 
National Geographic and "And the Giants were Named" reprinted from the 
Kaveah Magazine and sold as a booklet in the Kings Canyon tfnd Sequoia National 
Parks i^ California. 

The General Shenaan tree is ^nsidered to be the largest tree in exist- 
ence because of its volume, not height. It is located in Giant Forest, a part 
of Sequoia National Park. James Wolverton named it August 7; l879; in honor of 
General Shennan under whom he had served. Only about ^40 per cent of the live 
wood still. has contact with the ground. The trunk does not have the usual taper 
of conifers* Ttiis fact accounts for its large' size. It was surveyed i-n 1931' 
and' found to have a height of 272.1+ ft, a diameter of 30.7 ft, and k9,66Q 
cu ft of volume, excluding the limbs, and containing approximately 600,000 
bd^ft* Estimated age, folmd from bor.-».ngs, is 35^K) to 1*000 years. 

The General Grant tree is the second largest tree in existence. It is 
267.1* ft in height,, I1O.3 ft in base diameter, and cbntairis 51*2,000 bd ft. ' 
Estimated age is 25OO years. It was named in I867 after General Grant, 'who 
was then In command of the Union Armies. In 1926 it was fonaally dedicated 
as the "Nation's Christmas Tree." 

The tallest trees are not in the Si'^rra Nevada Mountains of California. 
Ihe tallest are called coast redwoods ^ Sequoia sempervirensj and grow in a belt 
barely 30 miles wide and 500 miles long on the Pacific Coast. 

The world's tallest trees are in Humboldt County. of noKhem California. 
The National Geoftraphic magazine has a chart in the July I96U issue; 
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Location 

Redwood Creek grove 

Redwood Creek grove 

Redwood Creek grove 

Rockefeller tree. 
Redwood State Park 

Poundei^ tree, 
Redwood State Park 

Redwood Creek grove 



Helf^Ht in Feet 
367.8 
367. U 
36U.3 

356.5 

352.6 

' 352.3 



A few other tall trees are: 



2e 

3. 



Douglas fir, 
Wnshingtoa State 

Eucolyptus, 
Tasmania ' 

Ricalyptus, 
Australia 



32U 

322 
305 



Ttie main oB^^fctives of this entire chapter are: - 
To show the efficiency and value of fonnula manipulation. Devise a 
fonnula for the. calculation that uses the Information most easily ob- 
tained • 

"Be lazy mathematicians, not Just lazy." Seek <5ut the, most efficient 
way to do a series of problems. 

To develop formulas for volumes of cylinders and cones. 

To introduce board feet as a unit. 

To introduce indirect measurement as a tool. 



'^T^i "8»2 ' indirect Meagurgpcot 



P<X)ple and their shadows ere used as the legs of Blmilar^t^angles 



8^2a 

!♦ Vhat ^iB the ratio of the 
60 3 

base to height? ^ IJ' 

2/ "If xf is 60 mm, vhat is 
the mcasur? of * jji 7 . 

3* xc is "^30^1001% Vhat is cT 7 
22 I an 

U« e). measures 37^ can* >ftiat 
is the raeasure of xe? 50 np 




Find the measure of an if 
xa B IC mm* 



7~ rm 



Exercise 8-2b 



Boh, a man 6 feet tall, has a shadow measure of three feet* A.ponderosa 
pine tree by his cabin has a shadow measure of 12k** What ife^the approx- 
imate height of the pine? I 
. Answer ; 2h&* 

• * 

Ttie "Rockefeller tree," a coast redwood tree, casts a shadow of 60 
feet when a man 72 inches tall casts a shadow of 12!\ What is the 
approximate- heigh'- of the tree? « 
Answer ; > 3^0* 

-A yoang sugar pine*8 shadow is 9 fe^t. Frank, a man eight feet tall (a 
%ig man" in that part of the country )v, standing beside the tree, has a 
shadow 12 f^et long. What is the height of the tree? i 
Answer: 6* 



h* John, « hiker, aimed with two meter sticks and a le^el, measured the 

shadow ^of a tall tree as 63-36 meters. He then measured the shadow of 

one meter st^ck held vertically to the earth as 72 cm. What was the. >^ 

height of the tree? ■ . ' ' 

" * Answer: 88 meters 

— ■ ■ ■ — ■ * 

5. The shadows of Bill, Pat, and d white fir tree are in 'the ratip of l8, 
I6, 360 respectively. If Bill is 6 feet tall, how tall are Pat and 'the 
tree? ^ 

Answer ; Pat i^ 5'^". tree is 120« 

6. Choose a tr?e in the'school yard (or nagpole if no tree). Working with 
a partner, measure your shadow and the tree's' shadow (a) before school 
(b) at noon lunch hour and (c) after school. Your height and the tree^s 
height remain the same. Only the shadow lengths ^ai:y. 

Solve each separate proportion for the tree height. Find^ the average. 
Does this seen like a good way to closely approximate the -height of the'/ 

tree? : ^ - 

Answers depend on objects chosen for measurement.. 



8.3 Volume 



This section is a general review of the units of volume based upon area 
of the base .times the height?. 

In the Figure 8- 3b the dimensions ot the base are: length 5 m end. 
width h m. Ttie arf*Q of the base of the box would be 20" m . 



5 m 



Fig- 8-3c 





Filled to a height of 1 m the 
3 

volume would be 20 m . 2 -m 



Fig. 8-3b height would give hO m^. 



In Figin-e 8-3c, if the area of the 
base is * m the volume would 
again be computed by finding the 
product of: 

(area of bese) X (height) 
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^•^ Area of a Circle Oiven the Diameter 

Ifee algebra of these substitution fDrmulas should not be too difficult 
for the student to follow. He is not expected to be able to derive his own 
foimalas birt merely to follow xhe development in the text. The object is not 
to teach algebra, but rather to show how a different version of the same 
foxraula can be more useful to him. 

?bcerclse 8-^ 

1. Ohe diameter of a circle is 2 feet. Find the area. 

« 3-l^ ft^ 

tt 

2. If the diameter of a circle is ik , vhaz is the area? 

gtf l53-86 in^ 

3. Given the diameter of a circle as ~ ft. Find the area in square fert. 

2 

' ft^ -196 ft 

k. If l^h in^ = 1 ft^ , give the answer to Problem 3 in square inches. 

1^^ X .196 « 28. 2 in^ 

If the radius of a circle is 2| feet, 

find the area using the formula 

A .785 d^ . p 
p«19.6 ft 



A washer has dimensions as shown in 
Fig. 8-Ua. Find the surface area of 
the shaded portion. {The answer is 
not .785.) 



Answer : A = 



nd 
T 



16 



A of region = - nx^ 



n { ) 




die. 3 cm 



4-dia. h cm 



= jt]^ « cm 



Figure B-i^-a 
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?• In the Grant Grove of Kings Canyon National Paric stands the General Grant 
tree with h^e diameter of hO.3 feet and the Texas" tree, equally tall, 
hut with haoe diameter of 22 feet. W^at is the ratio of the cross 
sectional areas of the^General Grant tree to the Texas tree? 

Answer: A of Grant £ree ».785 X UO.3 



^^'^^'9 ft^ 1271^.9 
A of Texas tree ».785 X 22*^ ^'^^'^ 
,»379.9 ft^ 



« 3.35 



8, Gary stepped off the distance around a giant redwood stump. He measured 
his step at 30" and it took 38 steps to completely circumvent the 
tree. What would "be the area of the top of the stump? 
Answer: 30 X 38 steps = llUO" circumference 

~ = d, therefore llUO" cir. » 363" diameter » 30 ft 
jt 

A « 706^ ft^ 



8.5 Area of a Circle Given the Circumference 

Recommendations for developnent of this section are as follows: go 
slowly and easily with the algehraic development; he sure each step seems 
reasoiiahie to the class; do not expect these fonnulas to he memorized ; if 
questions based upon the use of these foimulas are included in tests, put all 
of the formulas on the chalkboard or on a chart. 

/ ' ^21 

(The common formulas, e.g., A = :tr , A = ~bh, etc,, should be 
memorized by students.) 

■ / 

Exercise 

1. The circumference of a given circle is 2 feet. Find the area. 

A ^ .08 • c^ w .08 X J+ » .32 ft^ 

2. If the circumference of a circle is 8 feet, what is the area? 

2 ' ' 

^.12 ft 
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3. Tttt mcaiure of the distance around the trunk (circumference) of the 
Colonel Heimaa cedar at Hume Lake is 23.2 ft. What is the area of 
such a circle? 
' ^3 ft^ 

Stoiorgas'bord - (Take your choice.) 

2 

A = «r^ or A = ^ or A.= .785Ud^' or A = .08c^ 
n »3*1^ 

When A = area of a circle, r = radius, d = diameter and 
c = circmference 

Ansvers 

A= nr^ orA«3.lJfX3^ or« 28.26 cm^ 
A «.785d^ or A ».785-25 or« 19.6 nsn^ 
A ».08c^ or A w .08'8l or » 6.kQ m' 
^A «,7S5d^ « 28.26 ft^ 
A »3-l^r^ 153^86 in^ 
A w .08c^ « 2.88 ft^ 

Erik, a nine year old, and his 15 year old brother Andy, could just 
touch each other's finger tips when they reached around a sugar pine, 
l^en they measured their conibined reach* It was 10.5 feet. What would 
be the cross sectional area of the tree? 

A « .o8c^ w .08 ' 10^5^ « 8.82 ft^ 





Find 


A 


if r = 3 cm 


b. 


Find 


A 


if d 5 


c. 


Find 


A 


if c ^ 9 m 


d. 


If d 


3 


6» find A 


e. 


If r 




7" find A 


f- 


If c 




6* find A 



8.6 Volume of £ Cylinder 



For lumbering purposes, logs are considered to be cylinders- They are 
not actually circular at any one point, nor is the diameter constant. A log 
would more closely resemble the "f rust rum of a cone" (the part of the cone 
"bounded by the base and a plane parallel to the base). 
The volume of the frustrum of a cone = 



^ loggers 



do not go into this detail, we vill not 



^ loss due to bark, slabs. 



either. The 
and saw duct must -be accounted for by 



Figure 8«6 
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using the diameter of the small end; loggers are assured th^at they do not 
overestimate. If a log were measured from the larger end, it would assume a 
board could be cut from the entire length. This would not, of course, be true. 



Exercise 8-6 

1. Find the volume of a log 20 ft long and k ft in diameter. 

Answer: V « .785 d\ \ 

« .785 X 1^ X 20 
« 251 f t^ 

2. Tn Sequoia National Park, a home built in a fallen giant redwood tree has 
been named "Tharp»s Log." It is not known for sure if Hale Tharp actually 
lived in the tree, but James Wolverton, another early day trapper and 
cattleman lived in the leg fo/ several years. The hoUowed-out part is 
over 56* long and varies in height from 8» to . Wolverton had it 
furnished with furniture, doors, and a fireplace. Before the tree fell, 
it was estimated to be 311 ft tall and with a base diameter of 2^^ ft. 
Assuming it was solid, what would be the volume of wood in the base hO ft 
cylindrical section of Tharp'e Log? 

Answer: V « .785 d^h 

« .785 X 21^^ X 1+0 ' 

« 18086 f t^ 

3. Calculate the volume of wood in the bottom 2^+ ft log of the newly dis- 
covered "talles-b tree in the world" having a base circumference of 

' feet and a height of 367.8 feet. 



V 



« .08 X c^h .« .08 /X hh^ X2k ^ 3717 ft^. 



k. Calculate the volume of wood in the bottom 2*^' ft log of 'a Michigan pine 

^ree having a 39 inch base diameter and a height of 90 feet. 

P 1 ^ 3 

V ^ .785 d'^h « .785 X 3^ >^2h « 199 ft-" 

5. What is the ratio of the volumes of problems 3 and h ? 
3717 .Q 7 
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* 8.7 > Board Feet 

More discussion may be desired here about board feet. Your school's 
vood shop teacher would certainly urge it. It is 0 good topic for extensive 
UC8S of multiplication and division. "Finding of board feet" for a given 
/ piece of lumber is a good exercise. You may desire to have the students de- 
velop their own formulas for converting different sizes of lumber to bd ft. 
For eoiampie: ^SflUik 

A 2" X li" twelve inches long would contain 96 in or ^ of a bd ft. 

Bias to change l8' of 2" x 1+" to bd ft; multiply length by j . This gives 
12 bd ft. 

A i*" X &* twelve inches Ions vould contain 288 in^ or ^ bd ft. 

To change a U" by 6" to bd ft, multiply length in ft by 2, etc. 

Shop teachers often use a formula 

^ . ^ ^ le ngth (ft) X width (in) X thic knes s (in) 
Board feet = — ^ ^' — ^ ^ — ^ 

or 

o ^ ^ lengt h (in) X width (in) X thickness (in) 
Board feet = — — ^ ^ — 

In this discussion; we omitted dimensions other than feet. Logs would 
not be considered othei-wise except for the diameter measure. It is suggested 
that dimensions given in inches should be changed to fractions of a ft 
(decimal preferably). 

Work carefully on the chalk board l^zh ways of solving for the volume of 
a cylinder. One probl^^ is impressive but each one becanes more impressive if 
the student is required to do it. 

A beti^er development of the entire idea would be to have in a student 

exercise a series 01 problems requiring tne student to do over and over again 

1 2 

the same computation. Tlias this portion (jt • -j; • 12 ' vtjuld need to be 
repeated in each compatati on. Thiis has been redace<i to 6.28 in our form^^a. 



Exercise 8-7a 



1. Find the 'is able bd ft in a log l8' long and with a diameter of 3^ ft 
Use both methods ^-3 described above. 



Mswer: 

First method Second method 

A « kA X 12 X I A « 6.28 d^h 

2 ^ 7 2 

A » i.il* X (J) X 18 X 12 X I AW 6.28 X (1) X 18 ' 

3.1^ Xy§>^18x12x| A« 6.28 X ^ X 18 

A « 3.li* X X 18 A w 138U.7U ft^ 

A « 138ii.7^ ft^ 

Mr. Preirch has six logs on his truck. Three logs have a diameter of 
\2 inches each; the other three have diameters of ^+8 inches each. 
*T^iey ere all I8 feet long. What is the value of the load at 155-00 
per thousand usable board feet? Use the short method? 
Answer : 

Bd ft « 6.28 d h 

« 6.28 X (3^) X 18 + 6.28 X X 18 



(6.28 X 18) [(3|)' + {^f\ 
« 113^0^+ X 28^ X 3 (3 of each size log) 
« 9580 bd ft 
9.580 xiL55 per m« $526.90 

Find the usable board feet in the folloving logs: 

(a) Base diameter ft, length . 1*+ ft;. 

(b) Base diameter 1** ft, length 22 ft; 

(c) Base circumferen'^e I8 ft, length I6 ft. 



Answers 
(a) Bd 


ft 




6.28'x x l\ 




IU07 bd ft 


(b) Bd 


ft 




6.28 X l^i^ X 22 




27,079 bd ft 


(c) Bd 


ft 




6.28 d^h when 


d 


c 


Bd 


ft 




6.28 f^)\ 












6.28 X X 


16 





3302 bd ft 
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Ansvtrre « Table 8-7 



Length in Feet 





8 


10 


12 




. 16 


18 


20 


1 


50 


63 


75 


88 


100 


113 


126 


2 


.201 


251 


'301 • 


352 


U02 


'U52 


502 


3 


U52 


565 


678 


791 


90I1 


10i7 


1130 


h 


Sou 


1005 


1206 


1^*07 


1608 


1809 


2010 


5 


1256 


1570 


188^ 


2198 


2512 


2826 


31^*0 


6 


1809 


2261 


2713 


3165 


3617 


U069 


1*522 



^ 



Exercise 8'7b 

Interpolate or e»tiapolate fron Table 8-7 for the following problems - 

A 16 ft log measures 52 inches in diameter. Interpolate from your 
table to determine the usable board feet contained in the log. 
Answer : 

1*8" 1608 bd ft J = ^ = 301 

52" ? 

60" 2512 bd ft Therefore 52" dia gives 1909 bd ft 



Compute the usable board feet for the log in Problem 1 by ^sing your 

2 

fonnula for the volume of a cylinder, the factor of to account fcr 

saw mill loss and compare your answer to that of Problem 1. 

Answer: 

V « 6.28 X d^ X h bd ft 

1 2 

V 6.28 X {h^) X 16 

V « 6,28 X i|2 X 16 

V » 1887 bd ft 



J 

3. How much difference in dollar and cent value does this represent at 
$30.00 per thousand bd ft? 
Answer: 

1.909 X <i30 = ^ 57.27 

<» # 

1.887 X • $ 30 « % 56.61 
difference ^ i - .66 

if. Interpolate f::om you^- table to determine the lumber in an eighteen-foot 
I6g 68 inches in diameter. 3655 bd ft 

5. Extrapolate from your table to determine' the usable board feet in a log 
. l6* long by 7' in diamet^.. 

Answer: \ 

5* die ' 2512 'bd ft " = ' ^ ' ^^^^ 

6« dia 3617 bd ft 

^ "Therefore , dia = U722 bd ft 

T dia . * 

6. Extrapolate froa your table to determine the usable board feet in a 22* 
log \«iich is 5* in diameter. 3^5^^ bd ft 

7. Interpolate from your table to find the usable board feet in a 15* log 
5~ feet in diameter. 

Answer: 

Firsts for a lU« log, interpolat,e for 5| ft. Bd f t = 2682 

/ 1 
Second, for a l6« log, interpolate for 53 ^t. Bd f t = 306^ 

Ihird, for a 15« log, interpolate 
306U 2632 
- 2682 191 

U )782 2873 bd ft Answer 

19i 

8. Check the validity of your Interpolations or extrapolations in problems 
li, 5, 6, and 7 by the use of the fomula. 

Answers : 

Problem U 

Bd f t « 6.28 d^h 

« 6.28 X (5|) X 18 

« 3636 
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Problem 5 

Bd ft « 6.28 X 7^ X 16 
« 1^923 

Problem 6 

3d ft w 6*28 X 25 X 22 

Problem 7 

1 "^2 

Bd f t « 6,28 X (5|) X 15 

« 6-28 X 30-25 X 15 
J5tf 2850 



8«8 Volume of a Cone 

The article on the tallest living tree is ex9^11ent for class reference. 
It is in the July 196U issue of the National Geographic . 

Only the trunk is considered for the volume measure • Many^limbs may have 
a large volume, but they are not usually considered usable for lumber* 

We have used the geanetric shape of ja cone in the approximation of volume 
of trees* We appreciate that a typical cone, as seen by students, has a much 
, larger bose area in relation to the height than a tree* 

The final step in the development of the board foot formula for a tree 
(cone) is left up to the student in the text* Perhaps some students will not 
be able to develop their own but the Intent was for all to trj;* If after a 
reasonable length of time somV*can not, please develop it on the chalk board 
for all* It is recommended the^t Section 8-8 be introduced near, the end of a 
period and allow the students to develop the formula as homework. 

If. y ~ *02^5 cSi V of cone given circum jence end height 

p 

V --^ *0265 C h X 12 Bd ft in a cone 

V « *0265 X 12 X I Usable bd ft in a cone 

V = .0265 X 12 X ^ 0%, Commutative property of multiplication 
| v - *212 C^h is the formula for usable bd ft in a tree (cone)j 
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Kxerclftg 8-8a 

Using the foraula V *0265 1 cu ft » 12 M ft and ^ loss of 

total volume at the mill, find the approximate usable bd ft in the following 
pro>>lea8 • 

1. A sugar pine is 200* tall and has a base circumference of 
. Bd ft « .0265 X 12 X I X 30^ iX 200 

.212 X 900 X 200 « 38,160 bd ft 

2. . A red fir has a base circumference of ik^ and a height of 12 0*. 

Bd f t » .0265 X 12 X I X llfr^ X 110 

» .2J2 X 196 X 110 « U37I -bd ft 
/ 

3. A ponderosa pine with a height of '220« has a circumference at the tase 

of 31^ ' . . 

Bd f t « .0265 X 12 X I X 31 X 220 

« .212 X 961 X 220 « UI182I bd ft 

k. A Jeffrey pine 3^ tall has a base circumference of 10^. Find the 
usable bd ft. 

.2 



Bd* ft « .212 X 10^ X 120 « 23^^ bd ft 



Norm, a "timber cruiser" (title for the man who estimates the value of 
trees), found g tract of ponderosa pines: five with an average height of 
200» and a circumference of 25*; seven with an average height of 100^ 
and a circumference of •20* ; fifteen with an average height of 150^ and 
e circumference of 12*. How many usable bd ft of lumber are in the 

\ ■ 

=. .212 C^h 

» .212 X 25^' X 200 X 2 w 132,500 

w .212 X 20^ X 100 X 1 « 59,360 

.212 X 12^ X 150 X 12 « 68 > 688 

260,5^8 bd ft in tract. 





162 



€• If a lumber mill bids | 20 p«r thousand board feet for pondeross pine, 
hov much would be the bid..for the tract described in problem 5 ^ 
260,5i+8 X 20 « i 3211 

For the following problems use this information when necessary. 

sugarg^ine ^ 30 per thousand ( $ 30 ^er m) 

ponderosa pine * | 20 per thousand (| 20 per m) 
. fir arid cedar '$ 9 per thousand ($ 9 per m) 

7^ On^ thousand acres are open for bids on th^ timber rights. The following 
numbers of trees are marked for the -following: 

3000 sugar pines' • dt an average oi' 12,000 bd ft each 
7000 ponderosa pines at en average of 15,000 bd ,f t each 
9000 cedar at an average of 8,000 bd ft each 

17000 fir at an average of ' ^4-,000 bd ft each 

Find the bid on the timber rights. (Would scientific notation help?; 



Answer : 



3000 X 12,000 X $30 $1,080,000 

7000 X 15,600 X $20 $ 2,100,000 

9000 X 8,000 X $ 9 ^* 6i*8,ooo 

17000 X k.OOO X $ 9 $ 612>000 

$ U,lfl*0,000 



8.9 The Largest living Things in the World 

Most of the material in this section can be amplified by referring to 
the National GeoRraphic magazine mentioned, although this particular article 
does not discuss the giant sequoias. 

Infomation pertaining to growth rings end water transport in plants is 
available in the biology textbooks mentioned in the list of resource materials 

Reenphasized here Is the extremely important point that scientific in- 
vestigation is constantly proceeding. There are many things still unknown, 
areas of knowledge still unexplored, questions still to be answered. It has 
been noted that each time one question is answered, many more questions arise 
that need to be answered. This is one of the most Important concepts in the 
world of science today and cannot be too strongly emphasized, regardless of 



the level at vhich one may be teaching. This idea of "worlds" yet to he ex- 
plored can he one of the most exciting challenges a teacher can use. 

Sample Test Items- 



Indirect measurement 

1. Jim's shadow was 50" long while at the seme 
time the' shadow of his school flsg pole was 
50/ long. Jim is - 5*10". What is the 
height of the flag pole? 

2 • At noon on July h my shadow i^s ^ of my 
"height. The shadow of ^ radar tow2r at 
* the same time (and the same place), ie 63 ft. 
jfow high is the tower? 

3. _ Steve, Sally,. Gary, and Carol lined up for 
a photograph. The ratio of their ohadpws 
was Ik.U, 8U, 88.8 , 81-. 6 respectively.' 
If Steve is 62^ tall, how tall are , 
Sally, Gary, and Carol? 



Answers 



70 ft. 



315 ft. 



Sally 70" 
Gary 7^'^ 
Carol 68" 



k. Given the area of the hase, the fonnula for 
the volume of a rt circular cylinder is 
V = 

5. Given A (of a pircle) « .785d^ (d=^ia) 
and n w 3'!^ 

Find the area of a circle with dia of ih cm 

6. If the radius of a circle -is 3^- feet, find' 
the area using the formula, 

A w .785d^ 

7. A circular walk at Roosevelt High School has 
dimensions as shown. What . /^:::>^^-^ ^6^ 
the area of the waDc? U>^n 

(Use A w .785d2.) ^^^>^^^' 

Given Aft; 3-1^ r^; A w .785d^; A'"S'.08c^ 

8. a. ilnd A when r = 39 

b. Find A when d = 25 cm 

c. Find A 'when c = ^^2' yds. 

9. A large Ponderosa pine has « 3^>000 bd ft 
' of lumber. A 75 year old Banzai Pine has 

119,oio,000 ^" of theP9nderosa. 

How many bd ft in the Banzai Pine? 



Bh 

15^ cm^ 
38.5, ft^ 

1206 ft*^ 



U7.76 cm"^ 
U9O.6 cml 
li^l.l yd"^ 
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*- 
I^H? Gi^en V of cyl » 3*1^ r^i * 



10. 



Find the volume of a pipe vhich has an inside 
diameter of 3 ft and is 6o ft long. 

"Ihe linear accelerator at Stanford is approx- 
imately 2 miles long. The inside diameter 
of the tube through vhich the charges are 



"sho't" is 



1 inch. V'hat is the volume of ^ 



the. tube in.cQbic inches ? 

12.- A heavy concrete irrigation pipe has vails 

2" thick. The inside -diameter is 30". Find 
. the volume of concrete in a section of pipe 
100 ft. long. . 

13> A com silo- has an ir^side circumference of 65* 
and a height of 30*. What is the volume? 



» h2k ft 



3 



99,500 in-^ 



w mo ,ft^ or 
w 21*1,000 in^ 



10,1^1*0 ft- 



SAMPLE KENAL TEST ITH^IS 



1. Measure the length of this segment to the nearest cm. 



Ansvers 



(A) 5| cm, (B) 6 cm, (C) 6? mm, (D) none. of these, (E) 7 cm. 

2. Change 3 square feet to an equal measurement having a 
different unit. iA) 27 cubic feet, (B) 9 cubic feet, 

(C) 1728 square inches (D) ^32 square inches (E}none of 
these 

3. WhQt 'unit of measure vould be commonly used v/hen 
measuring the vidth of windov to fit glass? ^ 

(A) square feet (B) square inches (C) feet (d) inches 
(E) meters 

h\ If a, leaf had a w// ratio of .o5 end a vidth of » 

35 mm, vhat would be the expected length? 
' (A) 5I1 mmjB) 538 mm (C) 22.75 (D)227 mm (E)i85 mm 

5. What is the greatest possible error for the follcJwlng 
measure: 2.08 cm ? (A)^ .005 cm (B)^ .0^* cm 
(C)* 1.0^ cm (D)t .16 cm • (.E)none of these 



\ 
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6* Subtract the following : 
' * 32 iiam ^ ' 1 nan 





Cr? nam 




1 BW 




33 an 


+ 


0 fin 


(c) 


33 am 


+ 


1 SCl 


(D) 


33 laa 


+ 


2 ssn 


(E) 


none of 


these 



?• l!he prefix, milli- means 



(A)million (B)IOOO (C)lOO (D)^— (E)^^^ 



HdwjaftftjsL square centimeters are there in a square 
meter? miOO,000 / (B)10,000 (C)l,000 
(D)lOO (EJnone of these 



How many mm are there in a cc«7 
(A) 10,000 {B)100,000 (0)1,000 (D)lOO 
(E) none of these 



10. Ihe volume of a Jar is 352 cc« What is the maas 
of the vcrter it can contain, expressed in graans? 
{A)352.8 {B)^5.28 (0)3.258 (D)3528 (E)none of these 

\l. Write the following in scientific notation: ^687 
];a)56.8t X 100 (B)5687 x 10^ (0)5.68? x 10^ 

(D) 5687^ (E)none of these 

^ 12. Multiply. Be sure the answer has the correct number of 

significant digits: h8^ X 5.9 (Assume these are measurementB • ) 
U) 2973.3 (B) 2900 (C) 2870 (D) 2873 

(E) 3000 



13. Bob's weight increased during the school year from 

72 lbs to 81 lbs. What was the percent of increase? 



(ll)ll^ percent 



(B)12^ percent 



Q T 

(D) 8^ percent (E)ll^ percent 



(C)13^ percent 



Ik^ The temperature for each day one week was: 



62*= 



65°, 56° 



57?, 6U°; 62", and 86" 



mean temperature. (A)62° (B)65° (c)86° 



Find t^^e 

(D)61*| (E)62.5° 



15, The temperature for each day last week was: 



86°, 82°, 88°, '(9^ 76°, 
(A)82.3° (B)82° (C)88° 



82°, and 
(D)82|° 



85 •■ The mode is 
(e) none of these 
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l6t If the normal pulee rate vas 80 and the pulse rate 
teaedlately after exercise vas 100, what was the 
percent of increase in the pulse rate? 
(AJ60 percait (B)125 percent (C)25 percent 

} (D)180 percent (E)hone of these 

, .,17. (23j^9) and (27/65) are ordered pairs . Find a 
second- tete for {26, ? ). 

(A) l2' *,(B)6U (C)6l (D)23 {E)none of these 

is. Find the volume of a rectangular object that is 
h da wide, 8 cm long, and 2 cm high. 

' • dn (B)6U an^ (C)l6 cm^ (0)3^+ cm^ 

(B) none of these 

19. Find fthe volume of the right cylinder. The 
' dipi.enslo^ts given are the 
. radius and the heijght, 
V. ^ 3 feet and 5 feet. 
, (A)l5 'Sq ft Cb)30 cu ft 

{C)30:ft (D)U5 cu f t \ J \ 
' (E)none of these 

" ^20* tlhe vplume of gas in the syringe was 6 cc. Express 
this as cubic inm. (A).o6 rrn^ (B).6 xarp (c)60 mm^ 
'(D^600 ram-^ {E)none of these 

?i, What point has been located on this line (x) ? 

" X ' 



(A)(-l) (bX|) (C)(|) (D)(-|) (E)none of these 

22* In which quardant would you find the point represented 
by the folL wing ordered pair: (7j-l) 
(A) I (B) II (C) III (D) TV (E)ncne of these 

23* An icosahedron has how mafiy faces? 

(A)I2 (n)20 (08 {D)k (3)none of these 

2h. The* tetrahedron has 0 face with which shape? 
(AXtrlsngle (B)square (C)pentagon 

(D) hjwcagon (E)none of ^hese j ! 

.25' Use the Pythagorean property to find the hypotenuse 
of a right triangle if one of the legs is 9 feet 
long and another leg is 12 feet long. 
{A)12 sq ft' (B)15 ft (C)25 ft (D)21 sq ft 

(E) none of these 

2 

26. Jf the ares of an equilateral triangle .-i .^330 x S 
then what is the area of an equilateral triangle if 
the mea8ur<3nent of ils edge is 5 inches? 
|(A) 3.^7 sq in (B)1.?99 sq in (C)2a65 sq in 
({D)10.285 sq In (E)none of these . | 

i 
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27. If the area of a regular pentagon » 1.720 X S | 
then vhat is the area 'of a regular pentagon wJ,th 
a side which meacures 7 inches? ^ . . 5 

(A)l2.0l^ in^ (B)8U in (c)l72 in^ (d) 96 in 
(E) 21^.08 in 

28. What solid would appear to approach having an infinite 
number of faces? (A)cube (B)sphere 

(C)ico8ahedron (D) tetrahedron (E) dodecahedron 

29. If the radius of a sphere becomes twice as large 
the volume is (a)20 times greater (B)8 times 
greater times greater (D)twlce as large 

(E) stays the same 

30. Plot the ordered pair, represented by each point: 



Point 
Point 
Point 
Point 
Point 
Point 
Point 
Point 



A 
B 
C 
D 
E 
F 
G 
H 



2^ : 









— ^ 

• — 


► — 1 
F 
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E 
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The Sierra Nevadan Wildlife Region . \^ 

by Vinsoi Brown and <Bobert Livezey 

Pub'.isher: Naturegraph Co . , Heraldsburg, Calif. $1-95 
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by Joha^ines Van Overbeck 
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